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ABSTRACT 
THE FATE AND MANAGEMENT OF PESTICIDES APPLIED TO CRANBERRY 
BOGS 
MAY 1999 
RAYMOND A. PUTNAM, B.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
MS, UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor L Marshall Clark 
The insecticide chlorpyrifos and the fiingicide chlorothalonil are widely used in 
cranberry production in Massachusetts. Off-site drift, surface water contamination, and 
residues in cranberry fruit of these pesticides were monitored over the growing season 
after application by ground, aerial, and chemigation application techniques in the presence 
and absence of a spreader-sticker adjuvant. Management factors and application 
techniques were evaluated to improve application efficacy and to reduce off-site pesticide 
movement. 
Paired-plot studies of pesticides applied in the presence and absence of adjuvant were 
also performed. Dislodgeable foliar and whole fruit residues of both pesticides and several 
environmental metabolites were assessed over the growing season. Residues were also 
assessed in soil samples collected at harvest. Residues from extracted field samples and the 
pesticide formulations were analyzed by GC/MSD, GC/ELCD, and GC/NPD. Polar 
metabolites were chemically derivatized with ethyl iodide or diazomethane prior to GC 
analysis. 
v 
The addition of the adjuvant increased fruit and foliar residues, but did not alter 
dissipation rate or metabolism. The dissipation of dislodgeable foliar chlorpyrifos residues 
followed first-order kinetics (r2> 0.893), with estimated half-life of 3.5 d. The dissipation 
of dislodgeable foliar chlorothalonil residues after the second chlorothalonil application 
followed first-order kinetics (r2> 0,872), with an estimated half-life of 12.7 d. 
All pesticide residues measured in cranberry fruit at harvest, regardless of application 
technique and/or combination of adjuvant, were less than their respective EPA tolerance. 
The majority of chlorothalonil residues remaining in cranberry fruit at harvest (76 days 
post-application) were as chlorothalonil itself (58 %), with levels of the chlorothalonil 
metabolites 4-hydroxy-2,5,6 trichloroisophthalonitrile (II) and l,3-dicarbamoyl-2,4,5,6- 
tetrachlorobenzene (III) accounting for 36 % and 6 % of the total residues, respectively. 
The later chlorothalonil metabolite (III) and two additional metabolites (l-carbamoyl-3- 
cyano-4-hydroxy-2,5,6-trichlorobenzene and 2,4,5-trichloro-isophthalonitrile), which were 
absent in harvestable cranberries but detected earlier in the growing season, have not been 
previously identified in fruit. The majority of chlorothalonil residues in the soil 76 days 
post-application were as compound III (41 %) and compound II (34 %). Smaller 
quantities of several other chlorothalonil metabolites were also detected in the bog soil. 
Only chlorpyrifos was detected in cranberry fruit at harvest (62 days post-application), but 
residues of the chlorpyrifos metabolites, chlorpyrifos-oxon and 3,5,6-trichloro-2-pyridinol, 
were detected in earlier fruit samples, and in foliage and bog soil. 
Several of the degradation products identified in the field studies were also detected in 
the pesticide formulations Bravo 720® (chlorothalonil) and Lorsban 4E^(chlorpyrifos). 
vi 
Surface water contamination and off-site deposition were a common feature for all 
spray equipment, but varied with application strategy. Overall, ground application in the 
presence of adjuvant was determined to be the best management strategy, resulting in the 
highest fruit and foliage residues while minimizing both off-site pesticide deposition and 
surface water contamination. 
Vll 
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CHAPTER 1 
INTRODUCTION 
A. Background 
Cranberry production in the U.S. is currently estimated at approximately 540 million 
pounds annually with the total value exceeding $ 307 million (National Agricultural 
Statistics Service, 1998). The major cranberry producing states include Massachusetts, 
New Jersey, Wisconsin, Oregon, and Washington. Approximately one-half of the total 
U.S. cranberry production occurs in Massachusetts and New Jersey. Growing cranberries 
in Massachusetts is becoming increasingly challenging because cultivation occurs in 
densely populated coastal areas of the state. Nevertheless, cranberry production is 
Massachusetts’ number one agricultural crop, with gross profits exceeding $122 million a 
year (National Agricultural Statistics Service, 1998). Over 14,000 acres are currently in 
cranberry production in Massachusetts. 
Cranberry (Vaccinium spp.) is a low-growing, woody broadleaf, non-deciduous vine 
(Shawa et al., 1984). Most cranberry cultivation in the Massachusetts occurs on man¬ 
made bogs that are surrounded and traversed with drainage ditches to maintain a constant 
water level 30 to 40 cm below the soil surface. The water in these bogs is highly 
controlled through a series of dikes, ditches, ponds and gates. In Massachusetts, cranberry 
bogs are sanded every 3-5 years to encourage new growth as well as to manage some 
pest species. This practice results in layered soils of medium course sand, 3 - 4 cm thick, 
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with approximately 5 % organic matter separated by peat layers of variable thickness. At 
about 40 cm, continuos non-stratified, well decomposed peat is formed . The pH of the 
sediments and water in the irrigation ditches is generally very acidic, with pH values of 
4.4 - 6.0 for sediment (Szeto et al., 1990) and 5.1 - 6.6 for irrigation water (Szeto et al., 
1990; Deubert, 1974). The water and sediment in cranberry bogs are generally high in 
organic matter as well. The range of dissolved organic matter in the irrigation ditch water 
can extend to 50 mg/L (Winkler et al., 1996). 
Agricultural practices in cranberry production require large amounts of water for 
irrigation, chemigation, and flooding for harvesting. Commercial bogs, therefore, are 
usually located close to streams and lakes. For every acre of land actually used to grow 
cranberries, there are, on average, four acres of supporting land kept to maintain a 
constant supply of water (Whynmn, 1999). The bogs are generally flooded with water 
from early December to mid-March to protect against frost, to control pests, and to 
promote optimal growth. The majority of growers also flood their bogs begeinning in late 
September, to harvest the cranberry fruit, a process known as wet harvesting. 
The cranberry industry relies on pesticides for production, including carbaryl, 
chlorothalonil, chlorpyrifos, diazinon, dichlobenil, and napropamide (Averill, 1995). The 
environmental fate of many pesticides used in cranberry production is not well 
documented, and information from other agricultural practices, for example rice 
production, may not be relevant (Deubert and Kaczmarek, 1989). 
Because of its intensity in New Jersey and Massachusetts, cranberry production may 
have a significant impact on water quality. In Plymouth county in Southeaster 
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Massachusetts, cranberry bogs account for nearly 22 % of the surface waters (Winkler, 
1995). In these areas, surface waters often provide both public and private drinking water 
supplies, as well as input and discharge reservoirs for cranberry production. Several 
pesticides and metabolites used in cranberry cultivation have been identified in surface 
water from eastern Massachusetts (Rising, 1997) and in the public drinking water supply 
(Massachusetts Department of Food and Agriculture, 1999). 
Most Massachusetts growers (58%) operate small bogs of fewer than 10 acres, and 
many of these bogs are in close proximity to residential and business areas. With the 
development of residential and commercial properties adjacent to cranberry bogs, chemical 
trespass (deposition of pesticides outside the target area) has become a major issue. 
Substantial quantities of agriculturally applied pesticides have been shown to leave the 
treatment area during and after application operations. This unwanted feature of pesticide 
usage, usually referred to as off-site drift, results not only in loss of pest control, but may 
result in environmental contamination (Seiber et al., 1980). In addition to spray drift 
during application, volatilization, and runoff and discharge of contaminated water are also 
potential pathways for off-site migration of pesticide residues after application. In the 
Northeast US, the problem of chemical trespass has been amplified due to the rather 
limited areas used for agricultural purposes and the relatively high populations that exist 
around them (Van Driesche et al., 1987). 
As a result of public concerns over off-site pesticide drift and deposition following 
application, Massachusetts cranberry growers are exploring the use of spray adjuvants and 
various application techniques to reduce these unwanted processes. As part of their 
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management program, cranberry growers may add spray adjuvants to their pesticide 
applications to improve the efficacy of these materials (Averill, 1995). The benefits of 
using spreader-sticker adjuvants include their possible role in delivering more pesticide to 
the target crop and in extending the effectiveness of the pesticide. By retaining the 
pesticide on the fruit or foliage for a longer time, multiple applications may be avoided 
and/or a reduction in the total amount of pesticide applied may be possible. If managed 
properly, the use of such adjuvants could minimize environmental contamination and may 
lead to lower terminal residues associated with marketed fresh fruit. 
This last point is particularly relevant in that detectable residues of several of the 
above mentioned pesticides have been identified in fresh cranberries (El-Nabarawy et al., 
1988; Szeto & Shen, 1992; Fed. Register., 1987). The U.S. Environmental Protection 
Agency (U.S. EPA) sets tolerances for acceptable levels of pesticide residues on marketed 
fruits and vegetables based on the residues present at harvest. However, all existing 
tolerances are to be reevaluated under the Food Quality Protection Act (FQPA). The 
intent of the FQPA is to establish tolerance levels that are “safe,” defined as “ reasonable 
certainty that no harm will result from aggregate exposure, including all exposure from 
diet, drinking water, and other non-occupational exposures.” Organophosphorous (e g., 
chlorpyrifos and diazinon) and carbamate (e.g., carbaryl) insecticides are included in the 
first round of the FQPA tolerance re-evaluations, slated for completion August of 1999. 
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B. ClassiacatMi. Use and Physical Characteristics of Chlorpvrifos and Chlorothalonil 
1. Chlorpyrifos 
Chlorpyrifos (O,O-diethyl 0-3,5,6-trichloro-2-pyridyl phosphorothioate) (Figure 1) is 
a broad-spectrum organophosphorous insecticide used in soil and foliar applications to 
control many crop pests. Chlorpyrifos is an effective and indispensable insecticide that 
controls a complex of insect pests on cranberry, including cranberry weevil, fireworms, 
spanworms, Sparganothis fruitworm, and cranberry fruitwoms. Three chlorpyrifos 
formulations, Lorsban 4E, Nufos 4E, and Lorsban 4E-AG, are currently registered for use 
in cranberry cultivation. These formulations can be applied twice a season, at a maximum 
of 3 pints/acre. However, rates as low as 1.5 pints/acre (aerial) and 2 pints/acre 
(chemigation) have been reported to give satisfactory control (Averill, 1995). Effective 
control of these pests is absolutely necessary over a large portion of the cranberry growing 
season. Because chlorpyrifos can only be applied twice in any one growing season, 
efficacious and judicious means of application are critical in the continuation of profitable 
cranberry cultivation. 
The environmental fate and chemical properties of chlorpyrifos have been recently 
reviewed (Racke, 1992; Barron and Woodburn, 1995). However, a few pertinent points 
are worth emphasis. Chlorpyrifos is a nonsystemic organophosphorous insecticide. It is 
characterized by a low water solubility (1.39 mg/L), a high soil sorption coefficient 
(average soil KoC = 8498 ml/g), and a moderate vapor pressure (2 x 10'5 mm Hg @ 25°C). 
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TCP 
XOC2H5 
CHP-Oxon 
Figure 1. Chlorpyrifos and target degradation products. Chlorpyrifos, (CHP); 3,5,6- 
trichloro-2-pyridinol, (TCP); diethyl 3,5,6-trichloro-2-pyridyl phosphate, (CHP-Oxon). 
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Chlorpyrifos is degraded by both biotic and abiotic processes, with 3,5,6-trichloro-2- 
pyridinol (TCP) being the major metabolite (Figure 1). Chlorpyrifos is considered highly 
toxic to fish and aquatic organisms. The 96 h LC50 for rainbow trout is 3 pg/ L (Tomlin, 
1994). 
Chlorpyrifos is considered a class D carcinogen (inadequate or no human and animal 
evidence of carcinogenicity). The U.S. EPA health advisory level (HAL) for chlorpyrifos 
in drinking water is 20 ppb (pg/L) (U.S. EPA, 1996). The current U.S. EPA tolerance for 
chlorpyrifos plus its principal metabolite TCP (Figure 1) is 1.0 ppm (1.0 mg/Kg) (Federal 
Register, 1983). 
2. Chlorothalonil 
Chlorothalonil (2,4,5,6-tetrachloro-l,3-benzenedicarbonitrile) (Figure 2) is a 
nonsystemic, broad-spectrum fungicide. Chlorothalonil is used worldwide on fruits, 
vegetable and ornamental crops, and is among the top five fungicides sold in North 
America (Caux et al., 1996). It is used to control several fruit rots in cranberry 
cultivation. Several commercial formulations of chlorothalonil are used on Massachusetts 
cranberry bogs, including Bravo 90 DG and Terranil 90 DF (both at 40.4 % a.i.), and 
Bravo 720 and Terranil 6L (with 50.4 % a.i.). The maximum number of combined 
applications is 3 per year, for a total a.i. of 9.3 lbs/acre. Applications of chlorothalonil for 
fruit rot management start at early bloom (10-20%) and continue at 10-14 day intervals. 
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Figure 2. Chlorothalonil and target degradation products. Arrows represent possible 
environmental degradation pathways. Chlorothalonil, (CHT); 4-hydroxy-2,5,6- 
trichloroisophthalonitrile, (II); l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene, (III); 2,5,6- 
trichloro-4-methoxyisophthalonitrile, (IV); l-carbamoyl-3-cyano-4- hydroxy-2,5,6- 
trichlorobenzene, (V); 2,4,5-trichloroisophthalonitrile, (VI); 2,5,6-trichloro-4- 
methylthioisophthalonitrile, (VII); isophthalonitrile, (VTII). 
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The preharvest interval is 50 days, but there are no restrictions on impounded water 
release. Fruit rot management in cranberries remains challenging due to the number 
of different fungal species that have been identified as pathogens (Sandler, 1993). 
There have been several recent studies aimed at extending chlorothalonil activity on 
cranberry fruit (Jeffers, 1991; Sandler, 1994; Sandler and Kusek, 1994; Sandler, 1997). 
The environmental fate and chemical properties of chlorothalonil have been recently 
reviewed (Caux et al., 1996; Mackay, 1997). Chlorothalonil is characterized by a low 
water solubility (0.9 mg/L) and a low vapor pressure (0.076 mPa @ 25°C) (Tomlin, 
1994). It is stable at room temperature and under UV light in acidic aqueous solutions. 
However, it hydrolyzes slowly at pH > 9. Chlorothalonil is considered relatively immobile 
and persistent in soil, with a half-life in sandy loam of 1 to 2 months (Stallard et al., 1972). 
Degradation in soil is primarily microbial. The major metabolite reported in soil and plants 
is 4-hydroxy-2,5,6-trichloroisophthalonitrile (II) (Figure 2). Chlorothalonil and the 4- 
hydroxy-2,5,6-trichloroisophthalonitrile metabolite are toxic to fish and aquatic 
invertebrates. The 96 h LC50 to fish of 47 - 84 pg/L for chlorothalonil is considered highly 
toxic, and the 96 h LC50 to fish of 16 - 45 mg/L for 4-hydroxy-2,5,6- 
trichloroisophthalonitrile is considered slightly toxic (U.S. EPA, 1984). 
Several investigators have studied the impacts of chlorothalonil on aquatic systems 
(Davies, 1988; Walker et al., 1988; Ernst et al., 1991; O’ Neil, 1991). Contamination of 
surface waters from chlorothalonil used in cranberry production has been characterized by 
Winnett et al. (1990) and identified as a threat by Reduker (1988). While subsurface 
transport of chlorothalonil appears to be limited, it may be facilitated through enhanced 
10 
solubility by a range of dissolved organic acids and suspended sediments present in the 
bog water (Winkler et al., 1996). 
Chlorothalonil was found to be carcinogenic in rats but not in mice (National Cancer 
Institute, 1978) and it is classified as a B2 carcinogen (probable human carcinogen). Wei 
(1982) reported that chlorothalonil was not mutagenic in Ames Salmonella strains. The 
acute oral LD50 for rats is > 10,000 mg/Kg and the NOEL for rats and mice are 1.8 and 
1.6 mg/Kg, respectively (Tomlin, 1994). The U.S. EPA HAL for chlorothalonil in drinking 
water is 500 ppb (500 pg/L) (U.S. EPA, 1996) and the current U.S. EPA tolerance for 
chlorothalonil plus 4-hydroxy-2,5,6-trichloroisophthalonitrile (Figure 2) on cranberries is 
5 ppm (5 mg/Kg) (Federal Register, 1985). 
C. Application Efficacy and Off-Site Pesticide Deposition 
Off-site pesticide drift and deposition refers to the aerial movement and subsequent 
deposition of pesticides as aerosols, vapors, or dusts. Atomization of liquids for the 
purpose of applying a mist onto a target results in loss of a portion of the spray cloud in 
two ways: spray drift, consisting of airborne movement of liquid particles immediately 
after atomization, and vapor drift which is associated with volatilization (Hall and Fox, 
1996). Since the mid-1960s, literally hundreds of studies on pesticide drift have been 
published, resulting in the identification of the major factors influencing off-site pesticide 
drift and deposition. These continued studies have resulted in numerous techniques that 
improve the efficiency and reduce the off-site movement of pesticides, including 
11 
improvements in application equipment and formulations/spray adjuvants. Recent 
summaries regarding drift measurement and control include Frank et al. (1994) and Hall 
and Fox (1996). Additional information has been produced under Subdivision R of 40 
CFR 158, through the U.S. EPA Office of Pesticides Programs, which has required 
pesticide manufacturers to provide droplet size spectrum measurements and field drift 
evaluations when evidence of potential adverse effects to nontarget organism has been 
demonstrated (Bird et al., 1996). Clark et al. (1994), and Wan et al. (1995) have 
investigated off-site pesticide drift and deposition following applications to cranberry 
bogs. 
Pesticide drift is affected by several factors, including chemical/physical properties of 
the solution, the equipment and nozzle type, pressure, spray volume, application 
technique, weather, and operator expertise and care. Bird et al. (1996) evaluated a 
substantial body of information from field trials assessing off-target deposition of 
pesticides from aerial applications. Forty-five trials taken from the published literature 
were normalized and compared to their field trials. They concluded that droplet size was 
consistently the primary application variable controlling off-target drift during low-flight 
application. Applications of fine spray can yield up to a 10-fold increase in off-target drift, 
whereas relatively coarse spray (>500 pm) can reduce drift 10-fold over conventional 
application equipment producing approximately 300 pm droplets. They also concluded 
that off-site drift increases with increasing wind speeds, but the magnitude of the effect is 
less significant than the effects of droplet size. Yates et al. (1976) suggests pesticide losses 
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can be best minimized by selecting application systems that produce large droplet sizes, as 
well as the use of thickening agents. 
In addition to chemical loss associated with off-target drift during application, further 
losses may result from volatilization, bounce-, run-, wash-off, and degradation. These 
losses result in agrochemical never reaching the crop or achieving only a transitory 
deposit. 
Aerial application of pesticides and agrochemicals is often the only feasible method for 
timely pest control in cranberry cultivation. However, this application technique represents 
the highest potential for off-site loss. Off-target losses have been estimated at ca. 50 -70% 
for various airblast and aerial applications of insecticides to forests due to evaporation and 
drift (Hall and Fox, 1996). Willis and McDowell (1987) estimated that in many cases, < 
50% of the released chemical spray actually deposits on the target plant or pest. Although 
a portion of this off-target material may deposit on the ground within the field, 20% or 
more may move off-site through the air during the initial application. 
A large majority of Massachusetts cranberry growers apply pesticides via chemigation. 
Chemigation involves injection of the pesticide into an irrigation system, which then 
delivers and distributes the chemical through the sprinkler heads. Pesticides are generally 
applied in the early morning or late evening, when the temperature and wind are at a 
minimum, which ensures minimum drift, evaporation, and impact on foraging bees. 
Chemigation differs from conventional spray applications in that much larger volumes of 
application water are generally used. Because pesticide volatilization losses between the 
nozzle and target would be lower from the much more dilute spray, chemigation should 
13 
result in increased efficiency compared to conventional sprays (Wauchope et al.5 1991) 
On the other hand, runoff from the plant due to the large volumes of water used might 
wash the pesticide from the plants, leading to decreased deposition. Several investigators 
have studied the distribution and persistence of pesticides (Wan et al., 1995; and Szeto et 
al., 1990) and their effect on aquatic organisms (Wan et al., 1994) following chemigation 
application to cranberry bogs. 
Ground application (e.g. boom sprayers, backpack sprayers, etc.) in cranberry bogs 
can be difficult and time consuming. Large, heavy ground-based spray equipment has the 
potential to damage vines and may result in nonuniform coverage of pesticides due to 
difficulties in maneuvering equipment in bogs and over irrigation ditches. Nevertheless, 
public and regulatory pressures are increasingly pointing toward ground-based application 
techniques to replace existing application means used for cranberry cultivation in 
Massachusetts. For instance, because of their effectiveness at extremely low levels, many 
products containing newer pesticides may be registered for use with only ground-based 
application equipment in Massachusetts (personal communication, Brad Mitchell, MA 
Department of Food and Agriculture). 
D. Spray Adjuvants 
The practice of adding spray adjuvants to extend pesticide action and/or improve their 
efficacy is an area of increasing interest and research. Spray adjuvants, also referred to as 
chemical adjuvants, are non-pesticide materials added to a pesticide or agrochemical spray 
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mixture to improve the efficiency. These adjuvants may affect deposition, retention, 
uptake, persistence, and biological activity, all of which can affect the physiochemical 
characteristics of the pesticide and hence can enhance or detract from the eventual 
biological effect. Altering the physiochemical properties of the spray liquid using tank- 
mixed or formulated adjuvants has allowed the operators to modify significantly all or part 
of the application process at moderate cost (Hall et al., 1993). 
Adjuvants may minimize chemical loss by reducing drift and inflight evaporation. 
Evaporative loss of the carrier liquid during transport to the target may increase the 
potential for greater off-target-displacement (Hall et al., 1993). Loss of the active 
ingredient during transport may also occur if the pesticide has a high vapor pressure. 
Recently, anti-evaporators and drift-retardants have been evaluated for use in aerial 
applications. The highest rates of evaporation occur during the first 20 s (Hall et 
al., 1993), and thus, evaporation of droplets is less important in ground and chemigation 
applications, due to the short time between atomization and impact. Also, the initial 
droplet size in high volume chemigation is assumed to be much larger than for aerial and 
ground applications, further reducing the importance of droplet volume reduction by 
evaporation during chemigation applications. 
Adjuvants that minimize loss of properly deposited chemicals (reducing volatilization 
and degradation) or to maximize a pesticide’s effectiveness once deposited have also been 
developed. These include adjuvants that improve spray coverage (e.g. surfactants), 
penetration and uptake (for herbicides and systemic insecticides), or attractiveness to 
insect pests by adding flavors, pheromones, or taste enhancers (Reeves, 1992). 
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The use of spray adjuvants to increase particle size for drift supression can result in 
uneven spray deposition patterns and may result in reduced pest control (Hall et al .,1993). 
Many adjuvants are considered to improve pest control because they improve droplet 
spread. At present, very little is known about the biological significance of the variability 
of droplet spread and deposit formation, although a number of studies have addressed the 
interactions that take place between droplet size, distribution and concentration (Adams, 
1990). The addition of adjuvants may lower the biological activity for contact insecticides 
and certain fungicides by increasing penetration and absorbing the pesticide into the 
epicuticular wax. For contact insecticides, this may decrease the proportion of chemical 
transferred to an insect per encounter with a deposit (Hall et al .,1993). However, for 
nonsystemic chemicals where the target pest eats the epicuticular layer of the leaf, 
increased acitivity will likely result (Arnold and Mumford, 1989). 
The addition of spray adjuvants that increase pesticide residues during peak infestation 
periods may permit the reduction in the number of applications or the rate of active 
ingredient applied per application. A balance must be maintained, however, between the 
extension of insecticide activity and residue concentration at harvest. Important secondary 
considerations are that the adjuvants themselves constitute chemical contamination 
(Watkins et al., 1985) and may leave chemical residues of toxicological significance 
(Tinsworth, 1992). Lastly, adjuvants have the potential to significantly modify the fate 
and transport of pesticides. The efficacy of performance as well as the safety (to the 
environment and/or the comsumer of crops) must be demonstrated, not only for the the 
active ingredient, but also for the adjuvants used with the pesticides. The registration 
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requirements for pesticides used in conjunction with spray adjuvants may need to be 
modified as well to reflect these concerns. 
1. Classification of the Spray Adjuvant Bivert 
Bivert® (Wilbur-Ellis Co., Fresno, CA) is a spreader-sticker and drift retardant spray 
adjuvant that works by forming positively charged inverted emulsions that encapsulate the 
pesticide in a water-filled macro-droplet. Chemically, it consists of amine salts of 
vegetable fatty acids, organic aromatic acids, and aromatic and aliphatic petroleum 
distillates. The larger droplet size reduces off-site drift following application. Subsequent 
evaporation is decreased due to Bivert’s positively-charged spreader-sticker 
characteristics, which binds to the negative charges on the leaf surface. According to the 
label instructions, Bivert should be mixed at a rate of 1 part Bivert to 4 parts pesticide 
formulation, regardless of dilution rate. 
E. Dislodgeable Residues 
Dislodgeable pesticide residues are those pesticide residues that can be most easily 
dislodged from the plant surface. These loosely bound residues are available for airborne 
loss as volatile residues, penetration into the leaf, or movement into other parts of the 
canopy (Goodman et al., 1983, and Jenkins et al., 1983). Dislodgeable residues also 
represent the portion of residues available for potential contact exposure to humans and 
17 
wildlife, as well as to the target insects (Goodman et al., 1983, and Jenkins et al., 1983). 
Thus, dislodgeable residues are considered biologically available and hence toxicologically 
significant (in a pest or nontarget sense). Most studies investigating the foliar 
disappearance of agriculturally-applied pesticides do not distinguish between dislodgeable 
and total residues. 
Dislodgeable residue levels are affected by foliar dust, soil type within the grooves, 
climate factors, canopy position, and other factors (Gunther et al., 1973). Most of the 
early work involving dislodgeable residues was stimulated by concern over the exposure 
of workers reentering pesticide-treated fields. Several investigators have also studied 
dislodgeable residues in terms of efficacy and residence time of protective levels of 
pesticide (Elliot et al., 1977; Southwick et al., 1986; Neely, 1970). Bellows et al. (1992) 
correlated mortality of lepidopteran pests of citrus with amounts of dislodgeable residues 
for 14 pesticides. The behavior of insecticide deposits on plant surfaces and the factors 
determining the amount of insecticide transferred to the target organism have been 
recently reviewed in detail (Cottrell, 1987). From a theoretical standpoint, the period of 
crop protection depends on the sensitivity of the target organism to the active ingredient, 
the availability of the residue, how quickly the pesticide dissipates or becomes unavailable, 
the rate at which new unprotected foliage/fruit is produced, and the likelihood of contact 
and transfer of the pesticide to the target (distribution of the pesticide, life stages of the 
organism, etc ). 
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CHAPTER II 
MATERIALS AND METHODS 
A. Evaluation of Application Techniques and the Use of a Spreader-Sticker Adjuvant to 
Reduce Off-Site Drift and Surface Water Contamination of Chlorpvrifos and 
Chlorothalonil 
1. Experimental Design 
Three common pesticide application techniques; ground, aerial, and chemigation, 
were tested under normal operating conditions and evaluated in terms of their ability to 
reduce offsite drift and surface water contamination at cranberry bogs. The spreader- 
sticker adjuvant, Bivert®, was similarly evaluated in combination with the three application 
techniques. 
a. Experimental Sites and Participants 
Four commercial cranberry bogs that participate in the University of Massachusetts 
Cranberry Program were selected in terms of: 1) their willingness to participate; 2) their 
ability to use one of the three application techniques; and 3) their size. Cranberry bogs 
used for aerial and ground application studies were located in Freetown, MA and were 
made available by Dr. Irving Demoranville, UMASS Cranberry Station, Wareham, MA. 
Chemigation applications were performed on Rocky Pond Bog, one of two state-owned 
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bogs, located in the Miles Standish State Forest in Plymouth, MA. Annual spray records 
for each bog site and adjacent agricultural areas were provided by individual growers. 
b. Meteorological Instrumentation 
Wind direction and velocity, temperature, and relative humidity were recorded during 
applications and sample collections using a Tri-Sence Kit, model 37000-90 (Cole-Parmer 
Instrument Co., Chicago, IL). Precipitation and barometric pressure were continuously 
monitored at the University of Massachusetts Cranberry Experiment Station, Wareham, 
MA with a Rainwise Weather Station (Rainwise Inc., Bar Harbor, ME). 
c. Experimental Design. 
Pesticide residues due to off-site deposition were sampled with cellulose collector 
discs (32 cm, Whatman # 1 cellulose filter paper) placed on horizontal aluminum foil- 
covered plywood platforms located six inches above the ground. The platforms were 
positioned permanently along the N, S, E ,W axes at 50’ and 100’ from the plot perimeter. 
Surface water contamination was assessed by collecting two 1 L water samples taken 
from irrigation ditch water around each bog from established upwind and downwind 
locations. 
Four collections (see a-d below) were made at each plot for both drift and surface 
water contamination. A total of 8 cellulose disc samples were collected during each 
sampling period (N,S,E,W x 2 distances per direction: 50’ and 100’). AIL water sample 
was taken from each upwind and downwind location. Samples were collected as follows: 
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a) Pre-application: 10-12 hours before application; b) 30 minute post - application; c) 24 
hours post - application; and d) 48 hours post - application. Additional surface water 
samples were collected at 1 week following application, and then monthly until cranberry 
harvest. 
2. Chemicals and Reagents 
a. Analytical Standards and Laboratory Supplies 
Chlorothalonil (2,4,5,6-tetrachloro-l,3-benzenedicarbonitrile), 99.0% pure, was 
obtained from Chem Service Inc. (West Chester, PA). Chlorpyrifos ( 0,0-diethyl O- 
3,5,6-trichloro-2-pyridyl phosphorothioate), 99.9% pure, was obtained from 
DowAgroSciences (Indianapolis, IN). Diazinon (0,0-diethyl 0-2-isopropyl-6- 
methylpyrimidin-4-yl phosphorothioate), 99.2% pure, was obtained from the 
Environmental Protection Agency (EPA, Beltsville, MD). All other reagents and materials 
were obtained from common suppliers. 
b. Pesticide Formulations and Spray Adjuvant 
Chlorothalonil applications were made with Bravo 720, 54.0% chlorothalonil (ISK 
Biotech Corp., Mentor, OH; EPA Reg. No. 50534-188). Applications of chlorpyrifos 
were made with Lorsban 4E, 40.7% chlorpyrifos (Dow AgroSciences; EPA Reg. N o. 
62719-23). Diazinon applications were made with Dzn Diazinon AG 500, 48.0% diazinon 
(CIBA-Geigy Corp., Greensboro, NC; EPA Reg. No. 100-461). All applications in the 
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presence of a spreader-sticker adjuvant were made with Bivert, which was a gift from 
Wilbur-Ellis Co., (Fresno, CA). 
3. Application of Pesticides to Cranberry Bogs 
Field applications are summarized by active ingredient and presence/absence of Bivert 
in Tables 1-5. Pesticide applications without Bivert were begun in June 1993. Eight field 
trials (4 chlorothalonil, 3 chlorpyrifos, 1 diazinon) without the Bivert adjuvant were 
completed. Pesticide applications with the Bivert adjuvant were begun in June 1994. 
Seven field trials (3 chlorothalonil, 4 chlorpyrifos) with adjuvant were completed. In 
addition to the controlled test applications, one or two additional chlorothalonil 
applications at each test bog were necessary as part of the normal schedule to control fruit 
rot. Bivert was mixed according to the label instructions (4 parts formulation to 1 part 
Bivert prior to mixing with water). 
a. Ground Applications 
Ground applications were made with a “Melroe Spray Coupe.” The spray boom (12 
feet each side) consisted of 24 spray nozzles positioned approximately 2 feet above the 
bog surface. Nozzle type/size were adjusted depending on the formulation and rate of 
application. A “Melroe Spray Controller” adjusted the application rate for driving speed 
and nozzle size. Pesticides were sprayed downward onto the bog. 
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Chlorothalonil applications without adjuvant were made at 6.4 L Bravo 720 per 
hectar (ha) in 187 L water/ha (20 gallons/acre) using 20 gallon medium droplet size 
nozzles (Spraying Systems Co.). Applications with adjuvant were made at 6.4 L Bravo 
720 plus 1.6 L Bivert/ha. For chlorpyrifos applications without adjuvant, 2.57 L Lorsban 
4E/ha were applied using 281 L water/ ha (30 gallons/acre) using 30 gallon medium 
droplet size nozzles. For applications with adjuvant, 2.34 L Lorsban 4E plus 0.58 L 
Bivert/ha were applied using 281 L water/ ha (30 gallons/acre) using 30 gallon medium 
droplet size nozzles. 
b. Aerial Applications 
Aerial applications were made with a Hughes 500 helicopter flying crosswind at 
approximately 2.0 - 3.0 meters above the bog surface. The spray boom (30 feet each side) 
consists of 50 Raindrop #6 nozzles. These nozzles provide a volume median diameter 
(VIVID) of 500 pm. 
Chlorothalonil applications without adjuvant were made at 6.4 L Bravo 720 /ha. For 
applications with adjuvant, 6.4 L Bravo 720 plus 1.6 L Bivert were applied per ha. For 
chlorpyrifos applications without adjuvant, applications were made at 1.75 L Lorsban 
4E/ha and applied using 7.66 L water/ha. For applications with adjuvant, 1.75 L Lorsban 
4E plus 0.43 L Bivert/ha were applied using 7.66 L water/ha. 
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c. Chemigation Applications 
Applications were made with a Chemigation Injection System. Pesticide mixtures 
were injected into the pressure main between the water pump and the first row of 
sprinklers in the study plot. Number 30 and 35 sprinkler heads with 5/32” diameter 
nozzles are positioned between 18 and 30 cm above the bog surface. These nozzles 
produce a mixed droplet size. The volume rate for chemigation was 1590 L per min and 
the pesticide was injected over a 10 min period (including system flush time). 
Chlorothalonil was applied at 6.4 L Bravo 720 / ha. For applications with adjuvant, 
4.7 L Bravo 720 plus 1.2 L Bivert were applied per ha. Chlorpyrifos was applied at 2.47 
L Lorsban 4E/ ha without adjuvant, and with adjuvant at 2.3 L Lorsban 4E plus 0.65 L of 
Bivert/ha. Diazinon was applied at 5.85 L Dzn diazinon AG500/ ha. 
4. Sample Collection 
A respirator with a pesticides pre-filter, long pants, and boots were worn during initial 
sample collections (30 min post-application). 
a. Off-Site Drift Samples 
Before each sampling, the collection platforms were covered with fresh aluminum foil 
secured with push pins. For sampling, cellulose filter discs were attached to the foil- 
covered platform with 4 or more push pins. At sample collection, the filter discs were 
folded in half to contain residues and placed in zip-lock® plastic bags. A 3” x 5” index card 
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labeled with the date, sampling period, and platform position was added to each sample 
bag. The bags were sealed and placed in a cooler containing ice packs. New aluminum 
foil, filter disc and push pins were placed on the collection platform using a clean pair of 
nitrile gloves for the next sampling period. In the event of rain, cellulose disks were 
immediately replaced with a fresh set of discs as above. Samples were transported back to 
the laboratory and stored at -20°C until they were analyzed. 
b. Surface Water Samples 
Water samples were collected in pre-extracted 1 L amber glass bottles with TFE screw 
caps. Bottles were rinsed with a small portion of ditch water 5-10’ away from the 
sampling location and emptied on the embankment. Water samples were taken by 
submerging the base of the bottle, leaving the opening just at the surface. After labeling 
with the date, location and sampling period, bottles were placed in a cooler containing ice¬ 
packs for transport back to the laboratory. Samples were stored at 4°C until analyzed. 
5. Sample Analysis 
All sample analyses were performed at the Massachusetts Pesticide Analysis 
Laboratory, University of Massachusetts, Amherst, MA. Method development and the 
rationale for the analytical conditions are described in the Results and Discussion section. 
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a. Extraction of Off-Site Drift Samples 
The cellulose filter collector discs were removed from the zip-lock bags without 
unfolding. Wearing gloves, the discs were torn into approximately 1 “ squares and placed 
into 500 ml erlenmeyer screw top flasks. Chlorpyrifos drift samples were extracted with 
250 ml hexane, chlorothalonil samples were extracted with 250 ml of 25% acetone in 
hexane. The samples were shaken for 40 min at low speed on a wrist action shaker. The 
supernatant was decanted through hexane washed anhydrous sodium sulfate contained in 
Whatman # 1 filter paper into a 500 ml boiling flask. Discs from chlorothalonil 
applications were re-extracted with an additional 150 ml 25% acetone in hexane for 40 
min and the extracts combined. The discs and erlenmeyer flasks for both chlorpyrifos and 
chlorothalonil samples were rinsed with 30 ml solvent and combined with the respective 
extracts. The sample extracts were reduced to approximately 3 ml by rotary evaporation 
at 40°C and quantitatively transferred with hexane to 15 ml calibrated centrifuge tubes. 
The final volume was adjusted as needed for gas chromatographic analysis. 
b. Extraction of Surface Water Samples 
Surface water samples were allowed to equilibrate at room temperature before 
chlorpyrifos extraction. Approximately 250 ml of surface water was filtered through 
Whatman # 1 filter paper to remove sediment. 200 ml of the filtered water was measured 
in a 250 ml graduated cylinder and 1 ml of methanol was added. A 500 mg CigEmpore 
solid phase extraction disk (Varian, Harbor City, CA) was pre-washed with 10 ml ethyl 
acetate and aspirated for 10 min under vacuum. The solid phase disk was solvated with 
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10 ml methanol, and the sample was loaded onto the disc at 50 to 100 ml/minute. The 
vacuum was left on for an additional 10 min after the sample had passed through to dry 
the disc. Chlorpyrifos was eluted into a centrifuge tube with 15 ml ethyl acetate. Five g 
of anhydrous sodium sulfate was added to each sample tube to remove water and the 
residues were quantitatively transferred to a second 15 ml calibrated centrifuge tube. The 
final extracts were reduced (usually between 1 to 5 ml final volume) under a stream of N2 
at 50°C for gas chromatographic analysis. 
c. Instrumental Analysis of Pesticide Extracts 
Chlorothalonil residues were analyzed using a Hewlett-Packard 5890 gas 
chromatogpaph (GC, Hewlett-Packard, Wilmington, DE) equipped with a NPD and a DB- 
17+ glass column (0.245 mm i.d. X 15 m, J & W Scientific, Folsom, CA). Operating 
conditions were as follows: Injection volume 1.0 pi; injector temperature, 250 °C; 
detector temperature 300°C; septum purge on at 1 min; column oven temperature, 55°C 
for 1 min, ramped at 50°C/min to 180°C, and then ramped at 10°C/min to 220°C and held 
for 3 min. The carrier gas was helium at a rate of 3 ml min'1. Detector gas flow rates 
were: Nitrogen, 29 ml min'1; air, 110 ml min'1; and hydrogen, 3 ml min'1. 
Chlorpyrifos residues were analyzed using a Hewlett-Packard 5890 GC equipped with 
a flame photometric detector (FPD) in phosphorous mode and a DB-1 glass megabore 
column (0.541 mm i d. X 30 m). The operating conditions were as follows; 1.0 pi; 
injector temperature, 250 °C; detector temperature 300°C; septum purge on at 1 min; 
column oven temperature, 200°C for 1 min, ramped at 15°C/min to 250°C and held for 1 
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nun. The carrier gas was helium at a rate of 15 ml min \ Detector gas flow rates were! 
air, 100 ml min'1 and hydrogen, 24 ml min'1. 
d. Instrument Calibration 
At the beginning and end of each day of analysis, calibration curves of not less than 3 
standards including a standard equivalent to the limit of detection (LOD) were used to 
calibrate the GC. The area counts of each standard from the two curves were averaged. 
These averages were used to generate a calibration curve by linear regression (r2 > 0.999) 
to estimate pesticide concentrations in the solvent extracts prepared from the field 
samples. 
e. Quality Control Samples 
Pesticide recoveries from fortified cellulose discs and bog water samples amended with 
known amounts of pesticides were determined. Each analytical set included a matrix 
blank and a matrix spike, generally fortified at twice the detection limit or in the working 
range of the positive samples. Matrix blanks for the surface water were taken from the 
irrigation ditches prior to pesticide applications. These water samples were filtered 
through Whatman # 1 filter paper and stored at 4°C. For surface water fortification, 
aliquots of analytical standards in acetone (< 2 ml total volume) were added to 200 ml of 
filtered surface water sample (it was determined previously that no loss of analyte 
occurred during the filtering procedure). Fortified bog water was ammended with the 
pesticide of interest and analyzed over the concentration range of 1 pg/L - 250 pg/L. 
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For cellulose disc fortification, aliquots of analytical standards in acetone were dripped 
onto the filter disc from a volumetric pipette and the solvent was allowed to evaporate 
before folding inward and proceeding with the analysis. The discs were fortified over a 
concentration range of 1 - 500 pg per filter disc. Periodic analysis of reagent blanks 
(solvent) and reagent spikes (fortified solvent) were performed. 
B. Assessment of Application Techniques With and Without Adjuvant on Chlorpvrifos. 
Chlorothalonil and Diazinon Residues in Whole Cranberry Fruit Over a Growing 
Season 
1. Experimental Design and Pesticide Applications 
Chlorpyrifos, chlorothalonil, and diazinon were applied by aerial, ground and 
chemigation techniques in the presence and absence of Bivert® and pesticide residues in 
whole cranberry fruit compared over a growing season. The last sampling period for each 
application corresponds closely (e.g., within 1-2 days) with the cranberry harvest for that 
bog. Pesticide residues present in whole fruit at harvest are therefore considered terminal 
residues. 
Experimental sites, chemicals and reagents, and pesticide applications are the same as 
those described in sections A.l - A. 3. 
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2. Sample Collection 
Cranberry fruit was sampled monthly following application and continued until harvest 
(mid-September). Fruit collections for all field trials are summarized by active ingredient 
in Tables 1-5. 
At each sampling period, cranberries were sampled in grid patterns, according to the 
California Department of Agriculture, Pesticide Enforcement Investigation Sampling 
Manual (1990). Grid patterns were determined by the size and shape of the bog. 
Collections were made only when the fruit was dry. 1.2 to 2 kg of fruit was collected at 
each sampling period (for a total of four to five 400 - 500 g subsamples), depending on the 
grid pattern used (plot size determines the number of sub-samples collected). Fruit 
damaged by rot or scald was avoided during sampling. Fruit collections were made using 
a 32 cm cranberry scoop. Before collections, the scoop was rinsed with water and the 
metal surfaces of the scoop were periodically sampled with an acetone-soaked cotton 
swab for analysis of the target compounds. The swab was placed in a pre-extracted amber 
glass bottle and labeled with the date, sampling period and site, and placed in a cooler. 
Fruit sub-samples were poured into a clean cardboard box prior to sorting into bottles for 
storage and transport. This allowed the removal of any twigs or leaves and facilitated 
pouring the cranberries into the sample bottles. Sub-samples were placed into pre¬ 
extracted 500 ml amber glass bottles. These were labeled with the date, sampling period 
and site, sub-sample number and placed in a cooler containing ice-packs for transport to 
the laboratory. 
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3. Analysis of Cranberries 
a. Extraction of Cranberry Samples 
Cranberry sub-samples were combined and mixed in 4 L wide-mouth amber glass jars. 
For each sampling, three 50 g replicates were taken from this composite sample and 
extracted as follows: Approximately 50 g of fruit was weighed into 500 ml wide-mouth 
amber glass bottles. The weight of each sample was recorded. The fruit was transferred to 
a blender jar (Waring Blender, New Hartford, CN). The amber sample bottle was rinsed 
with 200 ml hexane:acetone solution (60:40) and added to the blender jar. The fruit was 
blended for 2 min and decanted though a glass wool-plugged funnel into a 1 L separatory 
funnel. The blender jar and glass wool plug were rinsed with an additional 100 ml 
hexane:acetone solution (60:40) and combined in the separatory funnel with 200 ml of 
distilled water and 12 g NaCl. The saperatory funnel was shaken for 2 min and the 
aqueous layer (lower) was placed into a 400 ml beaker. The remaining organic layer (top) 
was decanted through a bed of anhydrous Na2S04 contained on Whatman # 1 filter paper 
into a 500 ml boiling flask. The aqueous layer was re-extracted with 110 ml hexane, and 
the solvent layers were allowed to separate for at least 10 min before discarding the lower 
aqueous layer and combining organic layers as above. The combined organic extracts 
were evaporated under vacuum at 50°C to approximately 6 ml and quantitatively 
transferred with hexane to a calibrated 15 ml centrifuge tube. The extracts were reduced 
to 5.0 ml under a stream of nitrogen and vortexed briefly. Approximately 2 ml of the final 
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extract was filtered through a 0.45 |nm nylon filter (Gelman Sciences, Ann Arbor, MI) and 
diluted as required for GC analysis. 
b. Instrumental Analysis of Cranberry Samples 
LPrimary Analysis. Pesticide residues from extracted cranberries were analyzed using 
a Varian model 3400 GC (Varian Associates, Sunnyvale, CA) equipped with an 63Ni 
electron capture detector (ECD) and a model 8000 autosampler. The capillary column was 
a fused silica DB-5 liquid phase, 0.53 mm i.d. X 15 m, 0.25|um film thickness (J & W 
Scientific). A deactivated cyclodouble-gooseneck injection port liner (Restek, Bellefonte, 
PA) was used for splitless injections. Operating conditions were as follows: Injection 
volume, 2.0 jjl; injection port temperature, 250°C; detector temperature, 300°C; column 
temperature, 100°C starting temperature ramped at 10°C/min to 250°C and held for 1 min. 
The carrier gas was helium at a rate of 10 ml min \ The detector make-up gas was argon- 
methane (95+ 5) supplied at 30 ml min'1. 
ii. Instrument Calibration. Pesticide concentrations in the solvent extracts prepared 
from the field samples were estimated from calibration curves as previously described 
(A.5.c.i). 
iii. Confirmational Analysis. Confirmations of the pesticide residues were 
accomplished using a Hewlett-Packard GC (model 5890 Series II) equipped with a mass 
selective detector (model 5971) and an automatic sampler (model 7673), a Vectra PC- 
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based ChemStation (model 486/33U) and model G1034C data system software package. 
The capillary column was a fused silica DB-5 liquid phase, 30M x 0.25 mm i d., 0.25 pm 
film thickness (J & W Scientific). A deactivated, double-gooseneck injection port liner 
(Hewlett-Packard No. 5181-3315) was used for splitless injection. The helium carrier gas 
had a linear velocity of approximately 30 cm/s. The injector temperature was 250°C, and 
the transfer line was 300°C. The oven was temperature programmed from 80°C (held for 
3.0 min) to 250°C (held for 5.0 min) at 20°C/min. The injection volume was 1.0 pi and 
the inlet time purge was 1.0 min. Depending on the analyte concentration, the GC/MSD 
was operated using electron impact ionization (70 eV) mode in either full scan mode (35- 
450 amu) or in selected ion-monitoring mode. 
c. Quality Control Samples 
Pesticide recoveries from fortified cranberries were determined. Each analytical set 
included a matrix blank and a matrix spike, generally fortified at twice the detection limit 
or in the working range of the samples. An analyte storage stability study using fortified 
matrix blanks was also included to ensure that the pesticides did not degrade in storage 
prior to analysis. Untreated cranberries for use as matrix blanks were collected from 
Snow’s Pond Bog in Rochester, MA. This bog was made available by Mr. Kirby Gilmore. 
For cranberry fortification, 1.0 ml aliquots of analytical standards in acetone were added 
to 50 g fruit in a 500 ml wide-mouth amber glass bottle. After briefly shaking by hand, the 
bottles were uncapped and the solvent was allowed to evaporate in the fume hood before 
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proceeding with the extraction. Fortified cranberry blanks were amended and analyzed 
over a concentration range of 0.03 ppm to 4.0 ppm (N = 25). 
Analytical standards of several non-study pesticides that were applied to the test plots 
were analyzed using the GC conditions listed above to ensure they did not interfere with 
the analysis of the study pesticides. These pesticides included: carbaryl, azinphos-methyl 
and dichlobenil. 
4. Comparison of Pesticide Residue Levels and Efficacy of Application Technique 
a. Pesticide Concentration and Dissipation in Cranberry Fruit 
Terminal pesticide residues in fruit and at harvest were compared among the test 
applications (t-test; p < 0.05). Regression analyses were performed on natural log- 
transformed pesticide residue concentrations (pig/g) to calculate slopes, y-intercepts, and 
correlation coefficients (r2). Analysis of covariance (ANACOVA) was used to determine if 
the slopes and intercepts differed significantly from each other (t-test; p < 0.05). All 
ANACOVAs were performed using the STATISTIX Software Package (Analytical 
Software). 
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C. Analysis of the Environmental Degradation Products of Chlorpvrifos and 
Chlorothalonil on Cranberry Foliage, in Cranberry Fruit, and in Cranberry Bog Soil 
1. Experimental Design 
Analytical methods for the determination of chlorothalonil, chlorpyrifos and their 
principal environmental degradation products (Figures 1 and 2) in fruit, foliage, and soil 
were developed. Chlorothalonil and chlorpyrifos were applied in the presence and absence 
of Bivert in a paired-plot design to evaluate their environmental fate and to assess the 
effect of Bivert. The resulting distributions of fruit and soil residues and dislodgeable 
foliar residues were measured. The commercial formulations of chlorothalonil and 
chlorpyrifos (Bravo 720 and Lorsban 4E, respectively) were analyzed also for the 
degradation products and compared with the field results. 
2. Chemicals and Reagents 
a. Apparatus 
Diazomethane generator, millimole size (Pierce, Rockford, IL). Thin layer 
chromatography (TLC) plates: 20 x 20 cm Silica GF (2000 pm) plates (Analtech, 
Newark, DL); 20 cm X 20 cm Silica Gel C18/UV254 (1000pm) plates (Macherey-Nagel; 
Alltech Associates, Inc., Deerfield, IL). 
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b. Chemicals 
Iodoethane (99%), 3-methyl-l-/?-tolyltriazene (98%), and 1-decanesulfonate, sodium 
salt (98%) and the diazomethane precursor, 1-methyl-3-nitrosoguanidine (97%), were 
obtained from Aldrich. Methyl iodide (99.9%) was obtained from Fisher Scientific 
(Pittsburgh, PA). N,0 -bis (trimethylsilyl) trifluoroacetamide with trimethylchlorosilane 
[BSTFA + TMCS] was obtained from Pirece. 
i. Preparation of Diazomethane Solution. A solution of diazomethane in diethyl ether 
(approximately 15 mg/ml) was prepared using the procedure provided with the 
diazomethane generator (Pierce). 
c. Analytical Standards 
i. Chlorothalonil and its Degradation Products. Standards of chlorothalonil 97.7% 
and 99.0% pure, were obtained from the US Environmental Protection Agency (EPA 
Beltsville, MD) and Chem Service (West Chester, PA), respectively. 4-hydroxy-2,5,6- 
trichloro-1,3-dicyanobenzene (II), 99.0% pure, was obtained form the US Environmental 
Protection Agency (Research Triangle Park, NC). 1,3 dicyanaobenzene (VIII), 98.0% 
pure, was obtained form Aldrich Chemical Co (Milwaukee, WI). 2,4,5-trichloro-l,3- 
dicyanobenzene (VI), 99.9% pure, 4-methylthio-2,5,6-trichloro-l,3-dicyanobenzene (VII), 
98.8% pure, 4-methoxy-2,5,6-trichloro-1,3-dicyanobenzene (IV), 97.6% pure, and a 
second standard of 4-hydroxy-2,5,6-trichloro-1,3-dicyanobenzene (II), 99.5 % pure were 
a gift from Dr. Arata Katayama, Nagoya University, Japan. 
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iLChlorpyrifos and its Degradation Products. Chlorpyrifos ( O,O-diethyl O-3,5,6- 
trichloro-2-pyridyl phosphorothioate), 99.0% pure, was obtained from the US 
Environmental Protection Agency (EPA Beltsville, MD). Chlorpyrifos-oxon (O, O-diethyl 
0-3,5,6-trichloro-2-pyridyl phosphate), 98.2%, and 3,5,6-trichloro-2-pyridinol (TCP), 
99.9% pure, were obtained form the US Environmental Protection Agency (Research 
Triangle Park, NC). 
d. Synthesis and Purification of Chlorothalonil Degradation Products III and V 
LSynthesis. l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene (III) and l-carbamoyl-3- 
cyano-4-hydroxy-2,5,6-trichlorobenzene (V) were synthesized using a modified procedure 
from Rouchaud et a!., (1989). 3.0 g of chlorothalonil (99.0% pure, Chem Service) plus 
60 ml 5% KOH were refluxed with stirring for 1.5 h. The mixture was cooled to room 
temperature, yielding a white crystalline precipitate that was collected on Whatman # 1 
filter paper in a Buchner funnel. The white precipitate was washed with 20 ml of an 
acetone.HC1 solution (25.T), and then with 10 ml hexane. The precipitate was dried 
briefly on the filter paper under vacuum. It was transferred to a dram vial and left 
uncapped in the fume hood for 4 h to complete drying. This precipitate was labeled as 1,3- 
dicarbamoyl-2,4,5,6-tetrachlorobenzene (III) and saved for TLC. 
The aqueous alkaline filtrate from above was collected in a 200 ml boiling flask, 
capped, and stored overnight at 4°C, yielding a second precipitate. This precipitate was 
collected on Whatman # 1 filter paper in a Buchner funnel, briefly dried under vacuum, 
transferred to a dram vial and triturated with 2 x 3 ml acidic acetone (25:1 acetone:HCl). 
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The acetone was evaporated under a stream of N2 and placed uncapped in a fume hood for 
4 h to complete drying. This precipitate was labeled as l-carbamoyl-3-cyano-4-hydroxy- 
2,5,6-trichlorobenzene (V) and saved for TLC. 
ii Purification. Compound III was purified using 20 x 20 cm, Silica GF (2000 pm) 
TLC plates. Approximately 10 mg of the crude product was dissolved in 5 drops of 
dimethyl sulfoxide (DMSO) and 3 ml MeOH. This solution was applied to the TLC plate 
in 200 pi aliquots by streaking across the length of the plate and air drying between 
applications. A final drying to remove the DMSO was accomplished by using a hot air 
dryer for approximately 10 min. The plate was developed in acetone: hexane (1:1) until 
the solvent front reached 17 cm from the bottom of the plate. After drying, the plates 
were visualized under short-wave-UV light and the individual bands were marked. The 
typical R/ value obtained for compound III was 0.84. Typical Rf values for standards of 
chlorothalonil and compound V were 0.951 and 0.2, respectively. 
The band containing compound III was scraped from the plate and pulverized in a 
porcelain bowl. Compound III was eluted with 2 x 10 ml MeOH via a fritted glass funnel. 
The eluant was collected in a 15 ml screw top vial and blown to dryness under a stream of 
nitrogen. The vial was placed in an oven at 100°C for 10 min to complete drying. 
Compound V was purified likewise by TLC. Approximately 12 mg unpurified 
product was dissolved in 1 ml MeOH and applied to the TLC plate as before. After drying 
by hot air, the plate was developed in acetone:methanol (9:1) until the solvent front 
reached 17 cm from the bottom of the plate. After drying, the plates were visualized under 
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short-wave-UV light and the individual bands were marked. The typical R/ value obtained 
for compound V was 0.72. Typical R/ values for standards of chlorothalonil, compound 
in, and compound II were 0.94, 0.90, and 0.84, respectively. 
The band containing compound V was scraped from the plate and pulverized in a 
porcelain bowl. Compound V was eluted with 2 x 7 ml MeOH via a fritted glass funnel. 
The eluant was collected in a 15 ml screw top vial and blown to dryness under a stream of 
nitrogen. Hexane (1 ml) was added to the screw top vial and vortexed for 1 min. The 
hexane was removed by pipet, leaving the white crystal, and the vial was allowed to stand 
uncapped in the hood for 1 h. The vial was then placed in an oven at 100°C for 5 min to 
complete drying. 
ilLAnalysis of Purity. Compound III was determined to be > 95% pure (TLC, 
GC/MSD, and High Pressure Liquid Chromatograph with Photodiode Array Detection 
(HPLC/PDA) Compound V was determined to be > 95% pure (TLC and HPLC/PDA). 
Purity determinations using TLC were conducted using 20 cm X 20 cm, 1000pm, 
Silica Gel C18/UV254 plates. Four separate solvent systems were used; methanol:acetone 
(3:1), hexane:acetone (2:1), acetonitrile:acetone:water (5:4:1), and acetonitrile:water 
(3:1). 
Purity determinations using GC/MSD were accomplished using the Hewlett-Packard 
system described previously with the following modifications: The oven was temperature 
programmed from 75°C (held for 2.0 min) to 290°C (held for 5.0 min) at 10°C/min. The 
MSD was operated using electron impact ionization (70 eV) mode in full scan mode (35- 
450 amu). 
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Purity determinations using HPLC/PDA were conducted using a Waters 996 
photodiode-array detector (Waters Corp., Milford, MA). For detection, absorbance data 
from 200 - 550 nm with a spectral resolution of 1.2 nm were collected using a Millenium 
2010 Chromatography Manager. The system was equipped with a Waters 717 Plus 
autosampler and a Waters 600 solvent delivery system. Purity determinations were 
conducted using the following two conditions. First, a 3.9 X 300 mm Waters pBondpak 
Cig HPLC column and a mobile phase of MeCN:phosphate buffer (20:80) were used for 
separation. The phosphate buffer was prepared by adding 2 g KH2P04 + 1.2 g K2HP04 
into 1 L distilled-deionized water. The mobile phase flow was 1.0 ml/min. Second, 
separations were done using a 3.9 X 150 mm Waters Nova-Pak Ci8 column and a mobile 
phase of ion paring reagent:methanol (65:35). The ion-pairing reagent was prepared by 
adding 1 g 1-decanesulfonate, sodium salt and 7 ml phosphoric acid in 1 L distilled- 
deionized water (Gilvydis and Walters, 1990). The mobile phase flow rate was 1.0 
ml/min. Purity was estimated by integration using the Millenium 2010 Chromatography 
Manager maxplot channel. Brielfy, the UV maximum (maximum absorbance wavelength) 
of each compound in the chromatogram is plotted and used for quantitation. By using the 
wavelength that gives the largest signal for each compound in the chromatogram, 
sensitivity is maximized for all components. The UV spectra for compound III and 
compound V are presented in Appendix A. 
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iv. Structural Characterization. Infrared (IR) spectra were recorded with a Perkin- 
Elmer 1330 spectrometer (Norwalk, CT) scanning from 4000 to 200 cm'1. Direct thermal 
probe MS was conducted using a Hewlett-Packard model 5985B GC/MS system. 
Compound III (l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene) IR (KBr disc; cm'1): 
3420, 3350,3100,1680,1620,1560,1410,1340,1120,920,740,720; Direct probe MS, m/z 
(relative intensity): 300, M+' (29), 304 (17), 302 (36), 286 (70), 284 M-NH2(59), 243 
(17), 215 (22), 213 (18), 144 (21), 142 (32), 44, CONH2 (100). 
Compound V (l-carbamoyl-3-cyano-4-hydroxy-2,5,6-trichlorobenzene) IR (KBr disc; 
cm'1): 3400-3200, 2200, 1650, 1550, 1450, 1390, 1290, 1160, 1000, 825, 600. GC/MSD 
(methyl ester): 292, M* (20), 294 (13), 266 (30), 252 (28), 250(92), 248 (100), 192 (15). 
The mass spectra of compound III was an excellent match (relative abundance of eight 
most abundant ion peaks above m/z 179) with the published spectra of Rouchaud et al., 
(1988). The lowest reported m/z of compound III by Rouchaud et al., (1988) was 179, 
although the spectra reported here was scanned from m/z 35 - 550. The major bands in 
the IR spectra from compounds III and V were also matched to those presented by 
Rouchaud et al. (1988). 
The IR spectra of compounds III and V, and the direct probe mass spectra of 
compound III are presented in Appendix A. 
e. Pesticide Formulations and Sprav Adjuvant 
The pesticide formulations and spray adjuvant used are the same as previously 
described in A.2.b. 
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3. Assessment of a Spreader-Sticker Adjuvant on Pesticide Degradation and on 
Dislodgeable Foliar Pesticide Residues 
a. Experimental Plots 
Two experimental plots (plots A and B) were established on Rocky Pond Bog in 
Plymouth, MA. Each plot consisted of two 4.8 x 4.8 m plots separated by a 2 m interval. 
Application of pesticides in the presence and absence of Bivert were made using a 
backpack sprayer. Paired plots A1 and A2 were used for chlorothalonil applications in the 
presence and absence of adjuvant, respectively, and paired plots B1 and B2 were used for 
chlorpyrifos applications in the presence and absence of adjuvant, respectively. 
b. Pesticide Applications 
All applications were made with a backpack sprayer equipped with a pressure regulator 
(20 psi) and a fan type-nozzle. Application rates and schedules are presented by active 
ingredient in Tables 6 and 7. At each paired plot, the application of pesticide without 
adjuvant was made first and was immediately followed by the application of pesticide with 
adjuvant. 
Rocky Pond Bog is equipped with irrigation/chemigation equipment. The experimental 
plots were protected from contamination from chemigation applications of chlorpyrifos 
and chlorothalonil by covering them with 20 x 20 m plastic tarps prior to application. The 
tarps were removed immediately after chemigation. 
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i. Chlorothalonil Applications. All chlorothalonil applications were made in the early 
morning (e.g., 7 am). Initiation of the chlorothalonil spray schedule was determined by 
crop phenology. Typical applications of chlorothalonil are made at bloom and at early 
berry development. The first chlorothalonil application was applied at 20 % bloom (June 
25). The second chlorothalonil application was made 14 days later (July 7), at 
approximately 80% fruit development. 
Applications of chlorothalonil were made by mixing 16 ml Bravo 720 in 4 L H20 
(equivalent to 5.7 pints/acre). Applications in the presence of adjuvant were made by 
mixing 16 ml Bravo 720 and 5 ml Bivert in the backpack, and then diluting with 4 L H20. 
ii, Chlorpyrifos Applications. Chlorpyrifos applications were made in the early 
morning (e.g., 8 am). Applications of chlorpyrifos on the experimental plots coincided 
with the chemigation application of chlorpyrifos on Rocky Pond Bog. A single treatment 
was made on July 22 (100 % fruit development). 
Applications of chlorpyrifos were made by mixing 8 ml Lorsban 4E in 3 L H20 
(equivalent to 2.85 pints/acre). Applications in the presence of adjuvant were made by 
mixing 8 ml Lorsban 4E and 2 ml Bivert in the backpack, and then diluting with 3 L H20. 
c. Sampling Design and Schedule 
i. Sampling Design. Each 4.8 x 4.8 m test plot (1/2 paired plot) was marked out 
around the perimeter with stakes. Additionally, a set of 25 0.3 m x 0.3 m sub-plots were 
marked out for discrete sample collection (Figure 3). At each sampling time, three 
discrete samples of fruit or foliage were collected from three different sub-sampling 
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squares (squares 2, 13, 17). This sub-plot design allowed the sampling of foliage and fruit 
while avoiding contact with unsampled areas (e.g., walking on plants containing 
dislodgeable residues) or sampling the same area twice. 
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Figure 3. Test Plot Design. 
ii. Sampling Schedule. Individual collections of foliage, fruit, and soil were made at 
each test plot. The sampling schedules for each plot are presented in Tables 6 and 7. 
The first foliage samples were taken as soon as the test plots were dry (1 h post¬ 
application). Fruit collections started during late fruit development and continued until 
cranberry harvest. A single soil sample was taken from the center of each experimental 
plot during the last sampling period. 
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ji. Meteorological Instrumentation Precipitation and barometric pressure were 
continuously monitored at the University of Massachusetts Cranberry Experiment Station, 
Wareham, MA with a Rainwise Weather Station (Rainwise Inc.). 
d. Sample Collection 
L—Foliage Samples. Foliage was collected in 1.3 L wide mouth jars. To minimize 
disruption of the dislodgeable residues, samples were handled using a pre-weighed 2.5 g 
piece of cotton cheesecloth. Using the cheesecloth to grab the tip of the cranberry vines, 
the vines were cut with scissors approximately 12 cm from the tip (15-20 leave sets). The 
vines and cheesecloth were placed into the jar, which was placed in a cooler containing 
ice-packs. The average weight of foliage collected was approximately 15 g. To preserve 
the compartmentalization of the dislodgeable residues, foliage samples were stored at 4°C 
(never frozen) and were analyzed within 24 h of collecting. 
if Fruit Sample. Cranberry fruit samples were collected with a cranberry scoop. Three 
sub-plots were sampled at each sampling period (Figure 3). Cranberry samples (approx. 
500 g) were collected by filling 1.5 L screw top bottles that were placed in a cooler 
containing ice-packs for transport back to the laboratory. 
jij. Soil Samples. To collect the soil, vines were pulled back to expose the bog surface 
and a ruler was inserted into the soil to a depth a 12 cm. A stainless steel spatula was 
used to sample the soil to a depth a 6 cm. Soil samples (approx. 500 g) were collected by 
filling 500 ml amber glass bottles that were placed in a cooler containing ice-packs. 
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4. Analytical Methods: Dislodgeable Foliar Residues 
a. Extraction 
The weight of the collecting jar and contents (2.5 g cheesecloth and foliage sample) 
was recorded. MeOH (200 ml) was added and the collecting jar was capped and shaken 
by hand for 45 seconds. The MeOH was immediately decanted through Whatman # 1 
filter paper into a 500 ml boiling flask. The weight of the collecting jar minus the contents 
was recorded and used to determine the original foliage sample weight. The MeOH was 
reduced to less than 20 ml under vacuum at 50°C and transferred to a 500 ml separatory 
funnel. The boiling flask was rinsed with 100 ml petroleum ether: diethyl ether (50:50) 
and then with 100 ml of a 0.3 % H2S04 solution (pH approx. 1.3). The rinses were 
combined in the separatory funnel with the sample extract and 5 g NaCl, and the 
separatory funnel shaken for 1 min. After the layers had separated, the aqueous layer 
(lower) was collected into a 400 ml beaker. The remaining organic layer was decanted 
through a bed of anhydrous Na2S04 contained on Whatman # 1 filter paper into a second 
500 ml boiling flask. The aqueous layer was returned to the separatory funnel and was 
re-extracted with 2 X 100 ml petroleum ether: diethyl ether (50:50). This extract was 
combined as above into the boiling flask. The combined organic extracts were evaporated 
under vacuum at 40 C to less than 10 ml and quantitatively transferred with acetone to a 
15 ml centrifuge tube. The final volume was adjusted as needed for GC analysis. This 
extract was labeled as Extract D1 and was analyzed for chlorpyrifos, chlorpyrifos-oxon, 
and chlorothalonil by GC/MSD as described below. The remaining sample extract was 
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derivitized with ethyl iodide and analyzed for compound II and TCP (see section 4.b 
below). 
b. Ethyl Iodide Derivitization of Pesticide Residues 
The volume of the remaining Extract DJ was reduced to 1.0 ml under a stream of 
nitrogen and filtered through a 0.45 pm nylon filter (Gelman Sciences, Ann Arbor, MI) 
into a clean 15 ml screw top centrifuge tube. The extract was reduced just to dryness 
under a stream of nitrogen and was reconstituted in 200 pi anhydrous acetone. Ethyl 
iodide (200 pi) and K2C03 (approx. 0.3 g) were added to the extract. The sample extract 
was incubated in a 65 C water bath for 30 min. The sample extract was cooled under 
running water before opening the tube to prevent vapor phase loss. The extract was 
reduced just to dryness under a stream of nitrogen and reconstituted in 10 ml hexane in the 
same centrifuge tube. The hexane extract was partitioned with 2.5 ml H20 and Na2S04 
(approx. 1 g) by vortexing for 1 min. The hexane layer (upper) was transferred to a clean 
centrifuge tube and the remaining aqueous phase was re-partitioned with 10 ml diethyl 
ether as above. The combined organic extracts were reduced to 1.0 ml under a stream of 
nitrogen. This extract was labeled as Extract D2 and was analyzed for the ethyl esters of 
TCP and compound II. 
c. Instrumental Analysis 
Dislodgeable residues from Extracts DJ and D2 were analyzed using the Hewlett- 
Packard GC/MSD system described previously (B.3.iii) with the following modifications: 
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The oven was temperature programmed from 90°C (held for 2.0 min) to 300°C (held for 
1.0 mm) at 10°C/min. Depending on the analyte concentration, the GC/MSD was operated 
using electron impact ionization (70 eV) mode in either full scan mode (35-450 amu) or in 
selected ion-monitoring mode (SIM). The ions monitored for each analyte are listed in 
Table 8. All analyte concentrations were high enough to be analyzed in scan mode (full 
spectra) in at least one sample extract. 
Table 8. Mass Ions (m/z) Monitored for the Analysis of Dislodgeable Foliar Residues. 
Analyte Primary Ions Monitored 
(SIM) 
Additional Ions 
Chlorothalonil 266, 268, 264, 232, 260 Full Spectra Confirmation 
Chlorpyrifos 314, 197, 199, 270 Full Spectra Confirmation 
Chlorpyrifos-oxon 314, 197, 199, 270 Full Spectra Confirmation 
TCP a (ethyl ester) 169, 197, 225 Full Spectra Confirmation 
Compound IIb (ethyl ester) 246, 231,218 Full Spectra Confirmation 
3,5,6-trichloro-2-pyridinol. 
4-hydroxy-2,5,6-trichloro-l,3-dicyanobenzene. 
i. Instrument Calibration. Extracts D1 and D2 were analyzed separately. Each day of 
analysis, at least two calibration curves of not less than 3 standards were used to calibrate 
the GC. A standard equivalent to the method detection limit (LOD) was included with 
each sample set. The standard curves were run at the beginning and end of each day of 
analysis. The integrated area counts of each corresponding pesticide standard from the 
two curves were averaged. This average was used to generate a calibration curve (linear 
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regression, r > 0.995). The linear regression was used to estimate pesticide concentrations 
in the solvent extracts prepared from the field samples. 
d. Quality Control Samples 
Pesticide recoveries from fortified cranberry foliage were determined. Each analytical 
set included a matrix blank (no pesticide) and a matrix spike (fortified with pesticide). 
Untreated foliage for use as matrix blanks was collected from an abandoned section of bog 
adjacent to Rocky Pond Bog. For cranberry foliage fortification, 1.0 - 2.0 ml aliquots of 
analytical standards in acetone were added directly to 200 ml MeOH. This MeOH was 
then used to extract a 20 g untreated foliage sample and analyzed as described above. The 
foliage matrix spikes were fortified over a range equivalent to 0.5 ug to 200.0 ug/g foliage 
(N= 12). 
5. Analytical Methods: Fruit and Soil 
The analysis of chlorothalonil, chlorpyrifos, and their environmental degradation 
products in fruit and soil was accomplished by four analytical methods (groups A, B, C 
and D, Table 9). 
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Table 9. Pesticide Analytes Grouped by Method. 
Analyte Analytes 
Group 
A Chlorothalonil, chlorpyrifos, chlorpyrifos-oxon, 1,3-dicyanaobenzene 
(VIII), 2,4,5-trichloro-l,3-dicyanobenzene (VI), 4-methylthio-2,5,6- 
trichloro-1,3-dicyanobenzene (VII), and 4-methoxy-2,5,6-trichloro-l,3- 
dicyanobenzene (IV). 
B 1,3 -dicarbamoyl-2,4,5,6-tetrachlorobenzene (III). 
C 4-hydroxy-2,5,6-trichloro-l,3-dicyanobenzene (II), and l-carbamoyl-3- 
cyano-4-hydroxy-2,5,6-trichlorobenzene (V). 
D 3,5,6-trichloro-2-pyridinol (TCP). 
Group A consisted of the relatively non-polar pesticides and metabolites that did not 
require derivatization prior to GC analysis. These compounds were analyzed by GC/NPD 
and GC/MSD 
Group B could be extracted under alkaline conditions and analyzed without 
derivatization by GC/ELCD using a special phenyl methyl silicone GC column (HP-50 +). 
Group C consisted of the 2 acidic chlorothalonil metabolites (compounds II and V). 
These analytes required chemical derivatization prior to GC analysis. These compounds 
were analyzed by GC/MSD after chemical derivitization. 
Group D consisted of TCP. Because chlorpyrifos can hydrolyze and form TCP, the 
extraction and derivitization of TCP was done separately from other analytes. TCP was 
analyzed using the same GC/MSD conditions as group C compounds after chemical 
derivitization with diazomethane. 
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a. Group A Analvtes 
^Preparation of Standard Solutions. Milligram quantities of 2,4,5-trichloro-1,3- 
dicyanobenzene (VI), 4-methylthio-2,5,6-trichloro-l,3-dicyanobenzene (VII), and 4- 
methoxy-2,5,6-trichloro-1,3 -dicyanobenzene (IV) were received pre-weighed in dram 
vials. Stock solutions of these standard compounds were prepared in toluene. Aliquots 
of the stock solutions were diluted in hexane for use as working standard solutions. Stock 
solutions of chlorothalonil, chlorpyrifos, chlorpyrifos-oxon, and isophthalonitrile (VIII) 
were prepared in acetone (1 mg/ml). Dilutions in acetone were prepared for solutions used 
in sample fortifications. Aliquots of the stock solutions were diluted in hexane for use as 
working standard solutions. 
ji: Extraction of Fruit and Soil Samples. Approximately 50 g of fruit or soil was 
weighed into individual 500 ml wide-mouth amber glass bottles. The weight of each 
sample was recorded. For fruit samples: fruit samples were transferred to a blender jar 
(Waring Blender, New Hartford, CN) with 200 ml hexane:acetone solution (60:40). The 
fruit was blended for 2 min and decanted back into the amber sample bottle The blender 
jar was rinsed with an additional 100 ml hexane:acetone solution (60:40) that was 
combined with the solution in the amber sample bottle. The sample was shaken on a 
rotary-shaker (Eberbach, Ann Arbor, MI) at low speed for 30 min. The sample was 
decanted through a glass wool plug into a 1000 ml separatory funnel containing 200 ml of 
distilled water and 12 g NaCl. The sample bottle and glass wool were washed with 50 ml 
hexane, which was added to the separatory funnel. The separatory funnel was shaken for 
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2 min and the aqueous layer (lower) was placed into a 400 ml beaker. The remaining 
organic layer (top) was decanted through a bed of anhydrous Na2S04 contained on 
Whatman # 1 filter paper into a 500 ml boiling flask. The aqueous layer was re-extracted 
with 2 x 100 ml hexane and the organic layers combined as described above. The 
combined organic extracts were evaporated under vacuum at 50°C to approx. 5 ml and 
quantitatively transferred with acetone to a calibrated 15 ml centrifuge tube. The sample 
extracts were reduced to approx. 2 ml under a steam of nitrogen and then brought to a 
final volume of 4.0 ml with hexane:acetone (60:40). For soil samples: to the amber 
sample bottle 250 ml hexane:acetone (60:40) was added. The bottle was capped and 
shaken on a rotary shaker as above. After shaking, the sample was filtered through a bed 
of anhydrous Na2S04 contained on Whatman # 5 filter paper into a 500 ml boiling flask. 
The sample bottle and filter paper were rinsed with an additional 50 ml hexane and 
combined with the initial extract. The combined extract was decanted into a 1000 ml 
separatory funnel containing 200 ml of distilled water and 12 g NaCl and extracted as 
described for fruit samples. 
The 4.0 ml extracts from the fruit and soil samples were labeled as Extract A1 and sav 
ed for direct GC/NPD analysis and for GC/MSD analysis after sample clean-up as 
described below. 
iii. Sample Clean-up: Florisil SPE. A 1.0 ml aliquot of the 4.0 ml sample fruit or soil 
extract {Extract Al) was transferred to a centrifuge tube. The solvent was exchanged to 
hexane by reducing the aliquot to 0.5 ml under a stream of nitrogen, adding 4 ml of 
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hexane, and then reducing under nitrogen to 1.0 ml. The sample extract was transferred 
with a pipette to a Florisil SPE cartridge (6 ml x 1 g Florisil, J&W Scientific, Folsom, 
CA) that had been pre-wetted with 3 ml hexane and topped with 1 g anhydrous Na2S04 
The centrifuge tube was rinsed with 4 ml hexane this was added to the SPE tube and 
pulled through the column in a dropwise manner under vacuum. A clean centrifuge tube 
was placed in the SPE manifold and the analytes were eluted from the column with 5 ml 
hexane, acetone (20.80) under vacuum. The volume of the eluant was reduced to 1.0 mL 
under a stream of nitrogen and filtered through a 0.45 pm nylon filter (Gelman Sciences). 
This extract was labeled Extract A2 and saved for GC/MSD analysis. 
iv. Instrumental Analysis. Sample Extract A1 (no Florisil clean-up) was analyzed 
using a Varian model 3400 GC (Varian Associates) equipped with an NPD and a model 
8000 autosampler. The capillary column was a fused silica RTX - 5 liquid phase, 0.32 mm 
i.d. X 30 m, 1.0 pm film thickness (Resteck). A deactivated, cyclodouble-gooseneck 
injection port liner (Restek) was used for splitless injections. Operating conditions were 
as follows: injection volume, 1.0 pi; injection port temperature, 250°C, purge time 0.8 
min; detector temperature, 300°C; column temperature, 90°C starting temperature held for 
2 min ramped at 10°C/min to 290°C and held for 1 min. The carrier gas was helium at a 
rate of 5 ml min \ The detector gas flow rates were: nitrogen, 25 ml min'1; hydrogen, 5 
ml min"1; and oxygen, 175 ml min'1. 
Sample Extract A2 (Florisil clean-up) were analyzed using the Hewlett-Packard 
GC/MSD system described previously (B.3.iii). Depending on the analyte concentration. 
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the GC/MSD was operated in the electron impact ionization (70 eV) mode using either 
full scan mode (35-450 amu) or in selected ion-monitoring mode (SIM). The ions 
monitored in SIM for each analyte are listed in Table 10. The molecular ion of each 
analyte was included as a primary ion monitored. 
Table 10. Mass Ions (m/z) Monitored for the Analysis of Group A Compounds. 
Analyte Primary Ions Monitored 
(SIM) 
Additional Ions 
Chlorothalonil 266, 268, 264, 232, 260 Full Spectra Confirmation 
Compound VIIIa 101, 128 NAe 
Compound VIb 230, 232, 234, 195, 197 159 
Compound IVc 266, 268, 264, 232, 260 NAe 
Chlorpyrifos 314, 197, 199, 270 Full Spectra Confirmation 
Chlorpyrifos-oxon 314, 197, 199, 270 Full Spectra Confirmation 
Compound VIId 278, 243, 276, 280, 245, 226 228, 231, 233, 241, 277 
a 1,3-dicyanaobenzene. 
2,4,5-trichloro-1,3 -dicyanobenzene. 
c 4-methoxy-2,5,6-trichloro-1,3-dicyanobenzene. 
4-methylthio-2,5,6-trichloro-1,3-dicyanobenzene. 
Analyte was never detected in any fruit or soil samples. 
The analysis that consistently had better linearity or recovery for a particular analyte, 
or a better detection limit, was used for quantitation. In general, Extract A1 (GC/NPD) 
was used to quantify chlorothalonil, chlorpyrifos, chlorpyrifos-oxon, and compound VIII, 
and Extract A2 (GC/MSD) was used to quantify compounds IV, VI, VII. 
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Group B Analvtes 
L Extraction of Fruit and Soil. Approximately 25 g of fruit or soil was weighed into 
individual 500 ml wide-mouth amber glass bottles. The weight of each sample was 
recorded. For fruit samples: fruit samples were transferred to a blender jar (Waring 
Blender) with 100 ml acetone. The fruit was blended for 2 min and decanted back into the 
amber sample bottle. The blender jar was rinsed with 2 X 50 ml acetone and combined in 
the amber sample bottle. For soil samples: Acetone (200 ml) was added directly to the 
amber sample bottle. For both soil and fruit samples: The amber sample bottle was 
capped and the sample was shaken on a rotary-shaker at low speed for 60 min. The 
sample was gravity filtered through Whatman # 1 filter paper into a 500 ml boiling flask, 
and the sample bottle and filter paper were rinsed with 50 ml acetone. The sample was 
reduced to < 30 ml under vacuum at 45°C. The extract was decanted into a 1000 ml 
seperatory funnel. The boiling flask was rinsed with 250 ml pH 12 H20 (NaOH) and 
combined to the separatory funnel along with 20 g NaCl. The boiling flask was rinsed 
with 100 ml hexane and combined in the separatory funnel. The separatory funnel was 
shaken for 2 min and the hexane layer (top) was discarded. The remaining aqueous phase 
was decanted back into the separatory funnel and extracted for 2 min with 100 ml ethyl 
acetate. The ethyl acetate layer (top) was decanted into a erlenmeyer flask containing 20 g 
anhydrous Na2S04. After a 10 min equilibrium period, the ethyl acetate was decanted 
through a bed of anhydrous Na2S04 contained on Whatman # 1 filter paper into a 500 ml 
boiling flask. The aqueous phase was re-extracted sequentially with 100 ml portions of 
ethyl acetate and ethyl ether, and the organic phases were combined in a 500 ml boiling 
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flask as above. The combined organic phases were reduced to < 5 ml under vacuum at 
50°C and quantitatively transferred with ethyl acetate to a centrifuge tube. The extracts 
were reduced to a final volume of 2.0 ml under a stream of nitrogen and filtered through a 
0.45 pm nylon filter (Gelman Sciences). This extract was labeled Extract B2 and saved for 
GC/MSD analysis. 
jL_Primary Instrumental Analysis. Sample Extract B2 (compound III) was analyzed 
using a Hewlett-Packard GC (model 5890 Series II) equipped with a model 4420 
electrolytic conductivity detector (ELCD) (O.I. Corporation, College Station, TX). The 
capillary column was a fused silica HP-50 + liquid phase, 0.53 mm X 15 m , 1.0 pm film 
thickness (Hewlett-Packard). Operating conditions were as follows; Injection volume 1.0 
pi; injector temperature, 250 °C; detector temperature 850°C; septum purge on at 1 min; 
column oven temperature, 80°C for 2 min, ramped at 15°C/min to 275°C and held for 10 
min. The ELCD was vented for 15 min. The carrier gas was helium at a rate of 10 ml 
min'1. The detector was supplied with hydrogen at a flow rate of 100 ml min'1. 
jii. Confirmation^ Analysis. Fruit and soil samples were sent to Dr. Judd Nelson, 
University of Maryland, for confirmation of group B analytes. Samples were analyzed 
using a Finnigan LCQ HPLS/ ion-trap MS system (Finnigan MAT Corp., San Jose, CA) in 
positive ion mode via direct infusion. The ion source was APCI at 450°C, and the infusion 
pump was at 3.0 pl/min. The MS parameters were set as follows: discharge current 5.0 
pA; capillary temperature 200°C; and the sheath gas was N2. 
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c. Group C Analvtes 
^Preparation of Standard Solutions. Stock standards of compounds II and V were 
prepared in MeOH (0.5 mg/ml). Dilutions of compounds II and V in acetone were used as 
fortification and standard solutions. 
IkExtraction of Fruit and Soil Samples. Approximately 25 g of fruit or soil was 
weighed into individual 500 ml wide-mouth amber glass bottles. The weight of each 
sample was recorded. For fruit samples: A fruit sample was transferred to a blender jar 
(Waring Blender) with 110 ml of an acetone-sulfuric acid solution (99 + 1). The fruit was 
blended for 2 min then decanted back into the amber sample bottle. The blender jar was 
rinsed with 2 x 50 ml of the acetone and combined in the amber sample bottle. For soil 
^Eles: The acetone-sulfuric acid solution (100 ml) plus 100 ml acetone was added 
directly to the amber sample bottle. For both soil and fruit samples: The amber sample 
bottle was capped and the sample was shaken on a rotary-shaker at low speed for 30 min. 
The sample was gravity filtered through Whatman # 1 filter paper into a 500 ml boiling 
flask, and the sample bottle and filter paper rinsed with 50 ml acetone. The sample was 
reduced to < 20 ml under vacuum at 40°C. The extract was then decanted into a 1 L 
separatory funnel. The boiling flask was rinsed with 100 ml of a 0.5 N NaOH solution and 
combined in the separatory funnel. The pH of the aqueous extract was adjusted to pH 12 
with 5 N NaOH. The alkaline aqueous extract was extracted with 3 x 100 ml hexane and 
the organic extracts were discarded. The alkaline aqueous extract was decanted into the 
original 500 ml boiling flask and brought to pH 1.5 with 10 % H2S04. This solution was 
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decanted into a 500 ml separatory funnel containing 15 g NaCl. The boiling flask was 
rinsed with 100 ml ethyl acetate and combined in the seperatory funnel. The separatory 
funnel was shaken for 2 min and the ethyl acetate layer (top) was decanted into a 
erlenmeyer flask containing 20 g anhydrous Na2S04 . After a 15 min equilibrium period, 
the ethyl acetate was decanted through a bed of anhydrous Na2S04 contained on 
Whatman # 1 filter paper into a 500 ml boiling flask. The remaining aqueous phase was 
decanted back into the separatory funnel and re-extracted for 2 min with an additional 100 
ml ethyl acetate and combined as above. The remaining aqueous phase was returned to the 
separatory funnel with an additional 10 g NaCl, and re-extracted as above with 50 ml ethyl 
acetate. The combined organic phases were reduced to < 5 ml under vacuum at 40°C and 
quantitatively transferred with ethyl acetate to a centrifuge tube. The extracts were 
reduced to a final volume of 2.5 ml under a stream of nitrogen and filtered through a 0.45 
pm nylon filter (Gelman Sciences). This extract was labeled as Extract C. 
iii. Ethylation of Compounds II and V. An aliquot of Extract C (1.0 ml or less) was 
transferred to a 15 ml centrifuge tube and reduced to near dryness under a stream of 
nitrogen. The residue was reconstituted in 400 pi acetone. Ethyl iodide (400 pi) and 
K2C03 (approx. 0.3 g) were added to the extract. The sample extract was incubated in a 
65 C water bath for 30 min. The extract was cooled under running water before opening 
the tube to prevent vapor phase loss. The extract was reduced just to dryness under a 
stream of nitrogen and reconstituted in 10 ml hexane in the same centrifuge tube. The 
hexane extract was partitioned with 2.5 ml H20 and Na2S04 (approx. 1 g) by vortexing for 
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1 min. The hexane layer (upper) was decanted into a centrifuge tube and the remaining 
aqueous phase was re-partitioned with 10 ml diethyl ether as above. The combined 
organic extracts were solvent transferred to ethyl acetate and reduced to 1.0 ml under a 
stream of nitrogen. This extract was labeled Extract Cl. 
jy. Methylation of Compounds II and V. Selected samples were derivitized with 
diazomethane for comparison to ethyl iodide derivitization and for analyte confirmation. 
Aliquots of Extract C (1.0 ml) were transferred to individual 15 ml centrifuge tubes and 
reduced to 0.5 ml under a stream of nitrogen. Four ml diethyl ether was added to the 
sample, reduced to 0.5 ml under a stream of nitrogen, and brought to 2 ml with diethyl 
ether. Two ml of freshly prepared diazomethane in diethyl ether (approx. 15 mg/ml) was 
added, the tube was capped, and the sample incubated for 30 min at room temperature. 
Hexane (2 ml) was added and the sample was reduced to 1.0 ml under a stream of 
nitrogen. This solvent transfer was repeated 2 more times, so the final sample extract was 
in 1.0 ml hexane. This was labeled Extract C2. 
d. Group D Analvtes 
[^Preparation of Standard Solutions. Stock solutions of TCP were prepared in 
acetone (1.0 mg/ml). Dilutions of TCP in acetone were used as fortification and standard 
solutions. 
66 
ji.: Extraction of Fruit and Soil Samples. Approximately 25 g of fruit or soil was 
weighed into individual 500 ml wide-mouth amber glass bottles. The weight of each 
sample was recorded. For fruit samples. A fruit sample was transferred to a blender jar 
(Waring Blender) with 110 ml acetone. The fruit was blended for 2 min and decanted 
back into the amber sample bottle. The blender jar was rinsed with 2 X 50 ml of the 
acetone and combined in the amber sample bottle. For soil samples: Acetone (150 ml) 
was added directly to the amber sample bottle. For both soil and fruit samples The 
amber sample bottle was capped and the sample was shaken on a rotary-shaker at low 
speed for 30 min. The sample was gravity filtered through Whatman # 1 filter paper into a 
500 ml boiling flask and the sample bottle and filter paper were rinsed with 50 ml acetone. 
The sample was reduced to < 20 ml under reduced pressure at 40°C, and the extract 
decanted into a 500 ml separatory funnel. The boiling flask was rinsed with 125 ml of pH 
2.0 (H3PO4) water containing 15 % NaCl and combined to the seperatory funnel. The 
boiling flask was rinsed with 100 ml ethyl acetate and combined in the separatory funnel. 
The separatory funnel was shaken for 2 min and the ethyl acetate layer (top) was decanted 
into a erlenmeyer flask containing 20 g anhydrous Na2S04. After a 15 min equilibrium 
period, the ethyl acetate was passed through a bed of anhydrous Na2S04 contained on 
Whatman # 1 filter paper into a 500 ml boiling flask. The remaining aqueous phase was 
decanted back into the separatory funnel and re-extracted for 2 min with an additional 100 
ml ethyl acetate, which was combined with the inital extract. The remaining aqueous phase 
was returned to the separatory funnel with an additional 10 g NaCl, and re-extracted as 
above with 50 ml ethyl acetate. The combined organic phase was reduced to < 5 ml under 
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reduced pressure at 40°C and quantitatively transferred with ethyl acetate to a centrifuge 
tube. The extract was reduced to a final volume of 2.5 ml under a stream of nitrogen and 
filtered through a 0.45 pm nylon filter (Gelman Sciences). This extract was labeled as 
Extract D. 
Methylation of TCP. An aliquot of Extract D (1.0 ml) was transferred to a 15 ml 
centrifuge tube and reduced to 0.5 ml under a stream of nitrogen. Four ml diethyl ether 
was added and the sample reduced to 0.5 ml under a stream of nitrogen, and brought to 2 
ml with diethyl ether. Two ml of freshly prepared diazomethane in diethyl ether (approx. 
15 mg/ml) was added and the tube was capped. The sample was mixed and allowed to 
react for 30 min at room temperature. Hexane (2 ml) was added and the sample was 
reduced to 1.0 ml under a stream of nitrogen. This was repeated 2 more times, and the 
final volume was brought to 5 ml hexane for Florisil clean-up. 
jy. Sample Clean-up. Florisil SPE. Two mL distilled H2O was added to each sample 
tube and the solution was vortexed briefly. The hexane layer (upper) was transferred 
with a pipette to Florisil SPE cartridges that had been topped with 1 g anhydrous Na2S04. 
The sample was re-extracted with an additional 2.5 mL hexane and the hexane layer was 
transferred to the column as before. A clean centrifuge tube was placed in the SPE 
manifold and the derivatized pesticide was eluted from the column with 5 mL 
hexane/acetone (88:12) under vacuum. The volume of the eluant was brought to 5.0 mL 
with eluting solution for GC/MSD analysis. 
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e._ Instrumental Analysis for Group C and D Analvtes 
Sample extracts of Group C and Group D analytes were analyzed by GC/MSD using 
the analytical conditions described for Group A analytes. Depending on the analyte 
concentration, the GC/MSD was operated in the electron impact ionization (70 eV) mode 
using either full scan mode (35-450 amu) or in selected ion-monitoring mode (SIM). The 
ions monitored for each analyte are listed in Table 11. 
Table 11. Mass Ions (m/z) Monitored for the Analysis of Groups C and D Analytes. 
Analyte Primary Ions Monitored Additional Ions 
Compound II3 (ethyl ester) 246, 248, 274, 276, 218 Full Spectra Confirmation 
Compound Vb (ethyl ester) 250, 264, 266, 292, 294 Full Spectra Confirmation 
Compound II (methyl ester) 260, 262, 264, 232, 219 NA 
Compound V (methyl ester) 264, 266,278,280 NA 
TCP c 
(methyl ester) 
a a i i 
211, 213, 182, 184 Full Spectra Confirmation 
a 4-hydroxy-2,5,6-trichloro-1,3-dicyanobenzene. 
l-carbamoyl-3-cyano-4-hydroxy-2,5,6-trichlorobenzene. 
c 3,5,6-trichloro-2-pyridinol. 
f. Instrument Calibration 
Each day of analysis, at least two calibration curves of not less than 3 standards were 
used to calibrate the GC If necessary, a standard equivalent to the method detection 
limit (LOD) was included. The standard curves were run at the beginning and end of each 
day of analysis. The area counts of each corresponding standard from the two curves were 
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averaged. This average was used to generate a calibration curve (linear regression, r > 
0.995). The linear regression was used to estimate pesticide concentrations in the solvent 
extracts prepared from the field samples. Poor linearity (linear regression < 0.995) was 
typical on the GC/MSD at or near the detection limits of the analytes. In these cases, 
single standard quantitation was used to estimate pesticide concentrations in the solvent 
extracts prepared from the field samples. 
g. Quality Control Samples 
Pesticide recoveries from fortified cranberry samples were determined. Each 
analytical set included a matrix blank and a fortified matrix spike. Untreated cranberries 
for use as matrix blanks were provided by Marty Sylvia (University of Massachusetts 
Cranberry Experiment Station, Wareham, MA). For cranberry fortification, 1.0 - 2.0 ml 
aliquots of a analytical standard solution was added to 50 g of fruit (Group A and B 
analytes) or to 25 g fruit (Group C and D analytes) in a 500 ml wide-mouth amber glass 
bottle. After briefly shaking by hand, the bottle was uncapped and the solvent evaporated 
in the fume hood before proceeding with the extraction. Group A analytes were fortified 
over a concentration range of 50 ppb to 2.0 ppm (N = 6), Group B analytes were 
fortified over a range of 20 ppb to 1 ppm (N = 6), Group C analytes were fortified over a 
concentration range of 20 ppb to 1.0 ppm (N =10), and Group D analytes were fortified 
over a concentration range of 20 ppb to 1.0 ppm (N = 6). Initially, matrix and reagent 
blanks fortified with chlorothalonil and chlorpyrifos were analyzed for compounds II, V, 
and TCP to ensure the analytical methods were not converting the parent pesticides to 
these target metabolites. 
6. Comparison of Pesticide Residue Levels and Decay Rates In Fruit and On Foliage 
Regression analyses and analysis of covariance (ANACOVA) of fruit and foliar 
residues over time were performed as previously described (see section B.4.a). 
The decline of dislodgeable chlorpyrifos and chlorothalonil residues over time were 
modeled as an exponential decay function: 
residue t = residue t0 x exp kt Eq. 1 
where k is the decay rate in micrograms per g foliage per day and t is days post¬ 
application. The decay rate of chlorpyrifos (k), and the correlation coefficient (r2) were 
estimated with regression analysis on the log-transformed pesticide residueconcentrations 
[ln(residues t)] versus time, with the slope parameter used as the least squares estimate of 
k. 
The half-life in days was calculated as: 
half-life = [ln(0.5)]/£ Eq. 2 
71 
7. Analysis of Commercial Pesticide Formulations 
An aliquot of each pesticide formulation used for experimental application was 
analyzed for the target analytes. 
a. Bravo 720 
Bravo 720 (1.00 g) was weighed into a 120 ml screw top amber glass bottle and 100 
ml of acetone was added. The sample was sonicated for 30 min and rotary-shaken for 1 h. 
Aliquots of the formulation extract were filtered through 0.45 pm nylon filters into 
centrifuge tubes and analyzed for Group A, B, and C analytes using the analytical 
procedures described above for cranberry analysis. 
b. Lorsban 4E 
Lorsban 4E (1.00 g) was weighed into a 120 ml screw top amber sample bottle and 
100 ml of acetone was added. The sample was sonicated for 30 min and rotary-shaken for 
1 h. Aliquots of the formulation extract were filtered through 0.45 pm nylon filters into 
centrifuge tubes and analyzed for chlorpyrifos and chlorpyrifos-oxon using the analytical 
procedures described above for cranberry analysis. TCP was derivitized using ethyl iodide 
as described in the dislodgeable foliar methods for that compound (see section C.4.b). 
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CHAPTER III 
RESULTS AND DISCUSSION 
A. Evaluation of Application Techniques and the Use of a Spreader-Sticker Adjuvant to 
Reduce Off-Sift Drift and Surface Water Contamination of Chlorpvrifos and 
Chlorothalonil 
1. Method Validation 
a. Method Development. 
Chlorothalonil is known to have a half-life in water of approx. 2 d (Davies, 1988). 
Thus, stability and recovery experiments of chlorothalonil were initiated in both distilled, 
deionized water and in bog surface water samples. Preliminary results determined 
chlorothalonil was stable and remained extractable for at least 5 days in the distilled 
deionized water, but not in bog surface water. This relatively rapid disappearance of 
extractable residues may be a result of chlrothalonil binding to dissolved organic matter 
(Winkler, 1995) and/or sediment (Reduker, 1988). As a result of this short half-life and 
the transportation distances involved prior to sample extraction, it was not possible to 
monitor chlorothalonil in bog water. 
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b. Method Performance 
i .Limit of Detection. Detection limits for chlorpyrifos and chlorothalonil on cellulose 
filter discs were determined as outlined by Parker (1991). For chlorothalonil, the limit of 
detection (LOD) was determined to be the amount of analyte that produces a detector 
signal greater than 5X the background signal contributed by the sample matrix blank at the 
retention time of interest (LOD >5:1). The limits of quantitation (LOQ) were set at a 
signal to noise ratio of 10:1. The LOD and LOQ for chlorothalonil were 0.5 pg/sample 
and 1.0 pg/sample, respectively. The LOD and LOQ were converted to m2 from the area 
of the filter discs (0.08 m2). The corresponding LOD and LOQ were 6.23 pg m '2 and 
12.5 pg m ‘2, respectively. For chlorpyrifos, a signal to noise ratio of 10:1 was used to 
establish both the LOD and LOQ. This corresponded to 0.1 pg/filter disc, or 1.25 
pg/m ‘ . The LOD and LOQ for chlorpyrifos in bog water were established using the 
above criteria (LOD > 5:1, LOQ = 10:1) and were 0.25 pg/L and 0.5 pg/L, respectively. 
jj Analyte Recoveries from Filter Discs. The mean recoveries (± s.d.) from fortified 
filter discs of chlorothalonil (0.25pg - 700pg /filter, N= 38) and chlorpyrifos (0.25pg - 
500pg /filter, N= 25) were 105.8% (+/- 14.9 %) and 97.3% (+/- 13.2 %), respectively. 
iii. Analyte Recovery from Bog Water. Chlorpyrifos recovery from fortified bog 
water (1.0 ppb - 250.0 ppb, N= 24) was 94.7 % (+/-11.4 %). 
74 
2. Experimental Results 
a. Meteorological Data 
Wind direction and velocity during pesticide applications and precipitation events and 
amounts over two growing seasons are summarized in Table 12 (1993) and Table 13 
(1994). 
b^ Off-site Deposition of Chlorpvrifos and Chlorothalonil 
Residues on cellulose disc collectors are tabulated by application type and adjuvant 
use in Tables B. 1 - B.6 (chlorpyrifos) and B.7 - B. 12 (chlorothalonil) in Appendix B. 
All application techniques resulted in measurable drift and deposition to 100’ off-site 
for both chlorpyrifos and chlorothalonil. The amount of drift varied with the chemical 
applied, the presence of adjuvant, the application type, and the time following application. 
Residues of chlorothalonil were rarely detected on the cellulose discs after the initial 
application period. In contrast, chlorpyrifos residues were present in the majority of the 
24 h and 48 h post-application samples. 
LQff-site Chlorpvrifos Deposition. A summary of the off-site chlorpyrifos deposition 
over time (0 - 48 h) is presented in Figure 4. Of the three application techniques, aerial 
applications always resulted in the highest initial and highest total off-site chlorpyrifos 
residues. Frank et al. (1994) also found increased spray drift from aerial applications 
when compared to low and high pressure ground applications. The highest residue 
concentrations associated with aerial application were found in the initial application 
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collections (0.5 h). The greatest residue concentration (5514 ug m ’2) was detected at the 
W-50’ collector in the presence of Bivert (Table B.4., Appendix B). This sample accounts 
for 89% of the total off-site residues associated with this application. Increased drift to 
nearby off-site locations from aerially applied pesticides in the presence of Bivert has been 
reported previously by Clark et al. (1994). They suggest large macro-droplets formed in 
the presence of this adjuvant are available for short-distance transport. They also report an 
increase in total off-site passive deposition of aerially-applied ethyl parathion in the 
presence of Bivert compared to aerial applications in the absence of Bivert. 
The initial off-site deposition patterns of aerially-applied chlorpyrifos following 
application did not always correlate with prevailing wind direction. This finding is most 
likely a result of propeller-driven winds, application height and direction of flight, which 
are especially pronounced at the bog periphery where the helicopter must change flight 
direction. 
Although the 50’ residue concentrations after aerially-applied chlorpyrifos were 
increased in the presence of Bivert enough to increase the total off-site deposition after 
aerial application (6161 pg m2 vs. 1857 pg m2 in presence and absence of Bivert, 
respectively), 100’ residue concentrations were decreased (483 pg m'2 vs. 728 pg m'2in 
presence and absence of Bivert, respectively). All four 100’ collectors had measurable 
chlorpyrifos residues 0.5 h post-application (566 pg m'2 total) in the absence of Bivert 
whereas only one 100’ collector had detectable residues at the same time in the presence 
of Bivert (444 ug m2 total). Additionally, off-site residues from aerial application 
78 
WO A 
B 
C 
Figure 4. Chlorpyrifos residues (ug m'2) on cellulose discs (passive deposition) due 
to off-site drift after aerial (A), ground (B), and chemigation (C) applications 
with (WA) and without (WOA) the adjuvant Bivert. Values represent the total 
residues from four cellulose collectors, one each positioned along the north, south, 
east, and west bog axes at 50' and 100' from the bog perimeter. 
79 
collected at between 0.5 h and 48 h were reduced in the presence of Bivert [511.4 pg m'2 
total, (Table B.l.) vs. 131.03 pg m"2total, (Table B.4.)]. 
The total off-site ehlorpyrifos residues associated with ground and chemigation 
applications in the presence of Bivert were reduced 91 % and 92 % compared to aerial 
application without Bivert (the adjuvant increased off-site depositions of aerially-applied 
ehlorpyrifos). Chemigation without Bivert resulted in the least total amount of 
ehlorpyrifos residues being deposited (0 - 48h) at the 50’ and 100’ collectors (214 pg m'2, 
total). The total off-site deposited residues of ehlorpyrifos from ground application 
without were 2111 pgm'2, or approx. lOx more than with chemigation. Bivert did not 
reduce the total off-site deposition of ehlorpyrifos associated with chemigation but did 
reduced the total off-site ehlorpyrifos deposition associated with ground applications by 
88 % (244 vs. 2111 pg m ‘2, with and without Bivert, respectively). In the presence of 
Bivert, chemigation and ground applications resulted in similar residues of ehlorpyrifos at 
both the 50’ and 100’ collectors. 
The highest level of off-site ehlorpyrifos deposition after ground application occurred 
over the 0.5 h - 24 h sample collection intervals regardless of the use of Bivert (Figure 4). 
It should be noted that these residues were collected over a 24 h period, whereas initial 
residues (0.5 h) were collected over a 0.5 h period. 
As was seen with aerial applications, Bivert reduced the total ehlorpyrifos residues at 
the 100’ collectors following ground application, as well as the total residues at the 24 and 
48 h collection periods following both ground and chemigation applications (Figure 4). 
These findings suggest that, in terms of mitigating off-site movement and deposition of 
80 
chlorpyrifos, the greatest benefit of using Bivert may be to decrease the distance of 
significant drift and to reduce off-site drift after the initial (0-0.5 h) spray deposition. 
if—Posits Chlorothalonil Deposition. Off-site drift of chlorothalonil over time is 
presented in Figure 5. Although Lorsban 4E (chlorpyrifos) was applied at less than half the 
rate per acre of Bravo 720 (chlorothalonil), the total off-site chlorothalonil drift was not 
twice that of chlorpyrifos. In fact, the total chlorpyrifos drift was often equivalent to the 
total chlorothalonil drift for a given application technique. Additionally, unlike chlorpyrifos 
drift, the highest off-site deposition associated with chlorothalonil applications always 
occurred during the initial collection interval (0.5 h), and chlorothalonil residues were 
rarely detected after 0.5 h post-application (Figure 5). For example, the total deposited 
off-site chlorothalonil residues collected at 0.5 h for all three application types with and 
without Bivert were 3752 |Lig m'2 vs. 914.3 pg m'2, respectively. The total off-site 
chlorothalonil residues collected between 0.5 h and 48 h with and without Bivert were 
8.75 pg m'2 and 58.71 pg m‘2, respectively. Of the total off-site residues, chlorothalonil 
residues collected between 0 - 0.5 h accounted for >99.9% and 98.5% of collected off¬ 
site chlorothalonil residues in the presence and absence of Bivert, respectively. 
Similar to chlorpyrifos, the highest level of off-site chlorothalonil residues were always 
associated with aerial application. The single greatest off-site chlorothalonil residue 
concentration (3393 ug m'2; Table B. 10, Appendix B) was collected at the E-50’ collector 
during the initial sample period in the presence of Bivert (0 -0.5 h). Bivert increased 
chlorothalonil drift following aerial application at both the 50’ and 100’ collectors during 
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WOA 
B 
Figure 5. Chlorothalonil residues (ug m’2) on cellulose discs (passive deposition) due 
to off-site drift after aerial (A), ground (B), and chemigation (C) applications with 
(WA) and without (WOA) the adjuvant Bivert. Values represent total residues from 
four cellulose collectors, one each positioned along the north, south, east, and west 
bog axes at 50' and 100' from the bog perimeter. 
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the initial collection period (0.5 h), increasing the total off-site deposition after aerial . 
application by 62 %. Subsequent off-site deposition (0.5 - 48 h) was very low following 
aerial applications with or without Bivert (Figure 5). 
OfF-site chlorothalonil deposition associated with ground and chemigation applications 
were relatively very low compared to aerial application. The total off-site residues 
associated with ground and chemigation applications without Bivert were reduced 95 % 
and 92 % compared to aerial application. Similar to aerial application, Bivert increased 
off-site chlorothalonil deposition following ground application at both the 50’ and 100’ 
collectors during the initial collection period (0.5 h), increasing the total off-site deposition 
following ground application by 29 %. The addition of Bivert reduced the total off-site 
chlorothalonil deposition associated with chemigation by 38 %. 
c^ Irrigation Ditch Water Contamination by Chlorpvrifos 
Evaluation of irrigation ditch water contamination by pesticides can be difficult to 
assess due to varying environmental and agricultural factors such as bog discharge, leaking 
impound gates and irrigation practices (Deubert and Kaczmarek, 1989). Additionally, 
water tables dropped below irrigation levels at some-point during each test period, 
preventing dilution and/or the release of impounded irrigation water. This mid-summer 
“dry-up” is a common occurrence in Massachusetts cranberry bogs. 
Chlorpyrifos residues in irrigation ditch water are presented in Table 14. All 
application techniques produced measurable surface water contamination. Aerial 
application always produced the highest levels of contamination and ground application 
always produced the least amount. The boom sprayer used for ground application never 
83 
passes directly over the water in the irrigation ditches, and allows the pesticides to be, 
applied to the bog surface from a relatively low height. Thus, any irrigation ditch water 
contamination from ground application should be primarily associated with aerosol drift 
or runoff* following deposition. With both aerial and chemigation applications, a portion 
of the spray is delivered directly into the irrigation ditches, thus increasing initial residue 
levels in the ditch water. There was no apparent trend of increasing or decreasing surface 
water contamination resulting from the addition of Bivert during aerial or chemigation 
applications. However, ground application in the presence of Bivert resulted in almost the 
complete absence of detectable chlorpyrifos residues (Table 14). 
Chlorpyrifos residues in irrigation ditch water dissipated very rapidly over the first 24 
h at all sites (e.g., < 7.5% of initial residues) except for ground application in the presence 
of Bivert, which produced no detectable initial residues (Table 14). By 48 h post¬ 
application, all residues were less than 10 ppb and were not detectable by 1 month. 
Although these findings are consistent with the environmental fate of chlorpyrifos, 
chlorpyrifos is known to absorb strongly to soil particles (Racke, 1992) and to suspended 
sediment and bottom materials. Volatilization is probably the primary route of loss of 
chlorpyrifos from water, with volatility half-lives of 3.5 to 20 days estimated for pond 
water (Racke, 1992). Photolysis and chemical hydrolysis are probably much less 
important pathways in chlorpyrifos dissipation in the highly organic, acidic irrigation ditch 
water surrounding planted cranberry bogs. The photolysis half-life of chlorpyrifos is 3 to 
4 weeks during midsummer in the US (Howard, 1989). The rate of hydrolysis is constant 
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in acidic to neutral waters, but increases in alkaline waters. In pH 7.0 at 25°C, it had a 
half-life of 35 to 78 days (Howard, 1989). 
Chlorpyrifos is persistent in soil and accumulates in the tissues of aquatic organisms. 
Studies involving continuous exposure of fish during the embryonic through fry stages 
have shown bioconcentration factors of 58 to 5100 (Racke, 1992). Chlorpyrifos is also 
considered highly toxic to fish and aquatic invertebrates. Reported 16- hour LC50 for 
rainbow trout varies from 3 pg/L (Tomlin, 1994) to 9 pg/L (U.S. EPA, 1986). The 96- 
hour LC so for chlorpyrifos in lake trout is 98 pg/L and 10 pg/L in bluegill (U.S. EPA, 
1986). van den Brink et al., (1996) studied the long-term effects on the macroinvertebrate 
and zooplankton community in outdoor drainage ditches (mecocosms) after a single 
application of chlorpyrifos. They determined a no-observed-effect concentration of 0.1 
pg/L could be derived at both the community and species levels. 
Irrigation ditch water surrounding cranberry bogs must be held for 5 days following 
application of Lorsban (chlorpyrifos), after which it can be gradually released. However, 
chlorpyrifos residue levels in the low ppb range were detected in the irrigation ditch water 
even after 2 weeks following aerial and chemigation applications (Table 14). This creates 
the potential for off-site movement of biologically significant residues through irrigation 
water discharge. Fish kills resulting from chlorpyrifos poisoning in ponds adjacent to 
cranberry bogs following chlorpyrifos applications have also been documented (personal 
communication, Lee Corte-Real, MA Department of Food and Agriculture). Slow 
desorption from sediments can also maintain low ppb residual concentrations of 
chlorpyrifos in open waters for long periods of time (Howard, 1989). Additional surface 
86 
water contamination can occur during the fall harvest flooding, as loosely bound plant and 
soil residues may become solubilized and released with the effluent into surrounding water 
bodies. This is especially true for bogs that experience the mid-summer dry-up. These 
bogs often have partially full or empty irrigation ditches and do not release any water until 
the fall flood. The presence of pesticides after the fall harvest has been documented in 
drinking water (Massachusetts Department of Food and Agriculture, 1997) and in surface 
water associated cranberry bogs (Rising, 1997). 
d. Summary 
The highest amounts of off-site drift were always associated with aerial application. 
The total off-site chlorpyrifos residues associated with ground and chemigation 
applications in the presence of Bivert were reduced 91 % and 92 % compared to aerial 
application without adjuvant (Bivert increased off-site depositions of aerially-applied 
chlorpyrifos). 
Off-site chlorothalonil deposition was determined to be very low after ground and 
chemigation applications with and without Bivert. Off-site deposition residues of 
chlorothalonil after 0.5 h post-application were seldom detected. The total off-site 
residues associated with ground and chemigation applications without adjuvant were 
reduced 95 % and 92 % compared to aerial application. Similar to aerial application, 
Bivert increased chlorothalonil drift associated with ground application at both the 50’ and 
100’ collectors during the initial collection period (0.5 h). 
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A potential for biologically significant off-site chlorpyrifos contamination via irrigation 
ditch water was detected. However, irrigation ditch water contamination was always 
lowest with ground application compared to aerial and chemigation applications, and 
detectable residues were almost completely absent following ground application in the 
presence of Bivert. 
B. Assessment of Application Techniques and the Use of a Spreader-Sticker Adjuvant on 
Chlorpyrifos, Chlorothalonil. and Diazinon Residues in Whole Cranberry Fruit Over 
the Growing Season 
1. Method Validation 
a. Method Performance 
Typical GC/ECD chromatograms of a cranberry blank and a standard solution 
equivalent to the LOD are presented in Figure C. 1. in Appendix C. 
L Limit of Detection. Analyte LOD and LOQ limits were determined as previously 
described (A.l.b.i). The LOD was established as the amount of analyte that produced a 
signal greater than 5x the background signal of the matrix blank (signal to noise ratio of > 
5 to 1). The LOQ was established as a signal to noise ratio of at least 10 to 1 as 
determined for the LOD. The LOD for chlorpyrifos, chlorothalonil, and diazinon in 
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cranberries were determined to be 0.01 pg/g, 0.01 pg/g, and 0.05 pg/g, respectively. The 
LOQ for chlorpyrifos, chlorothalonil, and diazinon in cranberries were determined to be 
0.03 pg/g, 0.02 pg/g, and 0.05 pg/g, respectively. Additionally, method detection limits 
were calculated to ensure that the analytical procedure could reliably differentiate analyte 
concentrations near the LOD from background levels. Method detection limits were 
determined according the EPA (1983). Sample matrix blanks were fortified at 2x the 
LOD and analyzed as described above. The method detection limits were estimated by 
multiplying the standard deviation of the analyte response in concentration units times the 
Students t value appropriate for a 99% confidence level and a standard deviation estimate 
with n-1 degrees freedom. All calculated method detection limit values were below the 
corresponding LOD values, indicating analytes could reliably detected at these low levels 
(data not shown). 
The presence of chlorpyrifos and chlorothalonil were confirmed by GC/MSD in 
representative cranberry samples. 
jj Analyte Recoveries. Analyte recoveries from fortified cranberry blanks over the 
fortification range are presented in Table 15. The mean analyte recoveries were as follows: 
chlorothalonil, 85.8 % (+/- 8.3 %); chlorpyrifos, 85.0 % (+/- 6.8 %); diazinon, 94.7 % 
(+/- 13.9 %). 
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2. Experimental Results 
a. Meteorological Data 
Wind direction and velocity during pesticide applications, and precipitation over the 
growing seasons, are summarized in Table 12 (1993 growing season) and Table 13 (1994 
growing season). 
fr .Chlorpyrifos, Chlorothalonil and Diazinon Residues in Cranberry Fruit 
LChlorpyrifos Residues in Cranberry Fruit. Chlorpyrifos residues in cranberry fruit 
over the growing season in the absence and presence of Bivert are summarized in Tables 
16 and 17, respectively. All chlorpyrifos residues at harvest, regardless of application 
technique or presence of Bivert, were less than the tolerance level (1 pg/g) adapted by the 
US Environmental Protection Agency for fresh cranberries (Federal Register, 1983). 
Residues at harvest ranged from 0.088 pg/g (ground application without Bivert, Table 16) 
to below the detection limit of 0.01 pg/g (aerial and chemigation applications with Bivert, 
Table 17). It should be noted that the post-application harvest interval differed between 
the two test years, with fruit being harvested approximately 55 days post-chlorpyrifos 
application in 1993 (applications without Bivert), and approximately 71 days post- 
chlorpyrifos application in 1994 (applications with Bivert). 
Depending on the type of application, there were large differences in the amount of 
chlorpyrifos reaching the berries. Ground applications consistently resulted in the highest 
chlorpyrifos residues in each growing season. The addition of Bivert did not result in 
increased initial or terminal chlorpyrifos concentrations on cranberry fruit (Tables 16 and 
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17). However, a direct comparison fruit residues in the presence and absence of Bivert is 
not possible, partly because it was necessary to make the applications in different years. 
Among other factors, the variability in total rainfall between the two growing seasons was 
significant. The difference in cumulative rainfall by 30 days post-application was 0 72 “ in 
1993 (without Bivert) versus 2.12 “ in 1994 (with Bivert). There was also extremely large 
variability between applications. For example, duplicate aerial applications of Lorsban in 
1994 by the same applicator resulted in 18 day post-application residue concentrations of 
0.330 pg/g and 0.096 pg/g (Table 17). Thus, any actual effects resulting from Bivert may 
have been masked by other more significant influences on the fruit residues. 
To determine if the presence of Bivert influenced the dissipation rate of chlorpyrifos in 
cranberry fruit, regression analyses were performed on natural log-transformed 
chlorpyrifos residues to calculate slopes, y-intercepts, and correlation coefficients 
(r ). Dissipation slopes of chlorpyrifos could only be evaluated for ground applications 
(aerial and chemigation residues were below the limit of detection for chlorpyrifos at 
harvest). The equations that describe the degradation rate of the natural log-transformed 
chlorpyrifos residues are presented below: 
Ground application without Bivert (1993): y = -0.0695x + 1.383 (r2= 0.991) Eq. 3 
Ground application with Bivert (1994): y = -0.0469x - 0.085 (r2= 0.938) Eq. 4 
Chlorpyrifos dissipation following ground application in the presence of Bivert was 
significantly slower (ANACOVA; p < 0.05) than that with chlorpyrifos alone. Although 
this suggests that Bivert is aiding in chlorpyrifos retention on the fruit, it is more likely a 
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Table 16. Chlorpyrifos Residues in Cranberry Fruit After Aerial, Ground, and 
Chemigation Application of Lorsban 4E in the Absence of the Spreader-Sticker 
Adjuvant Bivert. 
Application Type (Test Year) Days Post-application Concentration (ug/g)a 
Aerial (1993) 8 0.753 (0.11) 
36 0.127 (0.04) 
57 0.035 (0.015) 
Ground (1993) 6 2.60 (0.25) 
34 0.388 (0.016) 
55 0.088 (0.024) 
Chemigation (1993) 3 1.04 (0.04) 
31 0.186 (0.039) 
52 0.056 (0.015) 
All concentrations are the average of 3 x 50 g sub-samples from a composite. 
Standard deviations are given in parenthesis. 
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Table 17. Chlorpyrifos Residues in Cranberry Fruit After Aerial, Ground, and 
Chemigation Application of Lorsban 4E in the Presence of the Spreader-Sticker 
Adjuvant Bivert. 
Application Type (Test Year) Days Post-application Concentration (112/e)a 
Aerial (1994) 18 0.096 (0.096) 
32 0.063 (0.009) 
60 nd b 
73 nd 
Aerial (1994) 18 0.330 (0.053) 
32 0.121 (0.017) 
60 blq [0.02 ug/g]c 
73 nd 
Ground (1994) 14 0.54 (0.056) 
29 0.224 (0.055) 
57 0.046 (0.004) 
70 0.046 (0.008) 
Chemigation (1994) 13 0.192 (0.023) 
28 0.056 (0.003) 
56 nd 
69 nd 
All concentrations are the average of 3 x 50 g sub-samples from a composite. 
Standard deviations are given in parenthesis. 
b nd = chlorpyrifos was not detected. The limit of detection was 0.01 ug/g. 
c blq = chlorpyrifos was detected below the limit of quantitation given in brackets. 
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result of the sample collection times. Fruit samples were analyzed at 6, 34, and 55 d post¬ 
application at the ground application bog in 1993, and at 14, 29, 57 and 70 d post¬ 
application at the ground application bog in 1994 (Tables 16 and 17, respectively). A 
number of studies investigating the dissipation pattern of chlorpyrifos residues on fruit 
have shown a biphasic dissipation pattern. This may result from rapid dissipation of 
residues from the fruit surface (volatilization), followed by slower dissipation of 
chlorpyrifos that has become associated with the fruit surface and/or penetrated the peel 
(Racke, 1993). This biphasic dissipation pattern was not observed in the present study 
because fruit was not initially collected until 6 and 14 days post-application. The more 
rapid dissipation of chlorpyrifos in 1993 is most likely a result of the earlier collection 
dates (rapid early dissipation) and not due to the presence of Bivert. Other factors that 
could have a dramatic effect on residue dissipation, such as cultural practices (e.g., 
fertilization and irrigation) and growth dilution were not monitored in the present study. 
Chlorpyrifos was applied again in 1996 as part of a paired-plot study in the presence 
and absence of Bivert. The sample collections in these paired-plot applications were done 
side-by-side, making a direct comparison of dissipation easier. These results suggest 
Bivert does not extend chlorpyrifos residues on fruit by slowing dissipation. However, 
both initial and terminal residues were increased in the presence of Bivert. These results 
are discussed in detail in section C. 
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ji. Chlorothalonil Residues in Cranberry Fruit. Chlorothalonil residues in cranberry 
fruit over the growing season in the absence and presence of Bivert are summarized in 
Tables 18 and 19, respectively. All chlorothalonil residues at harvest, regardless of 
application technique or presence of Bivert were less than the tolerance level (5 pg/g) 
adapted by the US Environmental Protection Agency for fresh cranberries (Federal 
Register, 1985). Residues at harvest ranged from 0.693 pg/g (ground application with 
Bivert; Table 19) to below 0.03 pg/g (chemigation applications with and without Bivert; 
Tables 18 and 19, respectively). 
Depending on the type of application or presence of Bivert, there were large 
differences in the level of chlorothalonil reaching the berries. Ground and aerial 
applications were significantly more effective at delivering chlorothalonil to the fruit (t- 
test; p < 0.05, using initial post-application fruit residues) than was chemigation 
application (Tables 18 and 19). 
The terminal chlorothalonil residues at harvest associated with ground and aerial 
applications were significantly increased by the addition of Bivert (t-test; p < 0.05). 
Terminal residues associated with ground application without Bivert were 0.049 pg/g, and 
0.693 pg/g with Bivert. Terminal residues associated with aerial application without 
Bivert were 0.32 and 0.192 pg/g, and 0.541 pg/g with Bivert. The increase in fruit 
residues in the presence of Bivert reflect the adjuvants physical and chemical 
characteristics. Bivert is a positively charged inverted emulsion that encapsulates the 
pesticide in a water-filled macro-droplet. Initial adherence of the spray mixture to the plant 
surface is increased and subsequent volatilization of pesticide is decreased due to Bivert’s 
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Table 18. Chlorothalonil Residues in Cranberry Fruit After Aerial, Ground, and 
Chemigation Application of Bravo 720 in the Absence of the Spreader-Sticker 
Adjuvant Bivert. 
Application Type (Test Year) Days Post-application a Concentration (ug/g) b 
Aerial (1993) 40 0.92 (0.094) 
68 0.35 (0.035) 
89 0.32 (0.030) 
Aerial (1994) 42 1.78 (0.088) 
56 0.455 (0.049) 
84 0.244 (0.043) 
97 0.192 (0.017) 
Ground (1993) 41 0.185 (0.035) 
69 0.068 (0.016) 
90 0.049 (0.006) 
Chemigation (1993) 41 0.118 (0.059) 
69 blq [0.03 ug/g]c 
90 blq [0.03 ug/g] 
Two applications of chlorothalonil were made 14 days apart. Days after first 
are given. 
b All concentrations are the average of 3 x 50 g sub-samples from a composite. 
Standard deviations are given in parenthesis. 
blq = chlorothalonil was detected below the limit of quantitation given in brackets. 
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Table 19. Chlorothalonil Residues in Cranberry Fruit After Aerial, Ground, and 
Chemigation Application of Bravo 720 in the Presence of the Spreader-Sticker 
Adjuvant Bivert. 
Application Type (Test Year) Days Post-application a Concentration (ug/g) b 
Aerial (1994) 42 3.41 (0.098) 
56 1.94 (0.150) 
84 0.713 (0.125) 
97 0.541 (0.035) 
Ground (1994) 40 4.10 (0.56) 
54 1.24 (0.20) 
82 1.09 (0.11) 
95 0.693 (0.016) 
Chemigation (1994) 42 0.178 (0.026) 
56 0.062 (0.014) 
84 0.031 (0.003) 
97 blq [0.03 ppm 
Two applications of chlorothalonil were made 14 days apart. Days after first 
are given. 
All concentrations are the average of 3 x 50 g sub-samples from a composite. 
Standard deviations are given in parenthesis. 
blq = chlorothalonil was detected below the limit of quantitation given in brackets. 
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positively-charged spreader-sticker characteristics which binds to the negative charges on 
the plant surface. In such a scenario, residues of an emulsion should be sensitive to 
washoff by irrigation. The addition of Bivert with chemigation did not significantly 
increase the initial chlorothalonil residues concentrations in fruit, (t-test; p < 0.05). This is 
probably due, in part, to wash-off associated with the large volumes of water typical of 
chemigation applications ( > 15,000 L for chemigation versus 20 and 75 L for aerial and 
ground applications, respectively). Archer et al., (1991) studied the chemical coverage on 
soybean and cotton plants sprayed with lithium sulfate using aerial, chemigation, and 
multifunction irrigation system. They found that lithium concentrations on the plants were 
lowest after chemigation application. 
Regression analyses were performed on natural log-transformed chlorothalonil 
residues following aerial and ground. The equations that describe the degradation rates of 
the natural log-transformed residues are presented below: 
Aerial application with Bivert (1994): 
Aerial application without Bivert (1994): 
Aerial application without Bivert (1993): 
Ground application with Bivert (1994): 
Ground application without Bivert (1993) 
y = -0.034x + 2.605 (r2= 0.9788) Eq. 4 
y = -0.0369x + 1.755 (r2= 0.8563) Eq. 6 
y = -0.0222x + 0.697 (r2= 0.8511) Eq. 7 
y = -0.0266x + 2.131 (r2= 0.766) Eq. 8 
y = -0.0276x + 0.640 (r2= 0.8962) Eq. 9 
Both aerial applications performed in 1994 were determined to have the same 
dissipation slope (ANACOVA; p > 0.05). The dissipation slopes for chlorothalonil 
following ground application with (Eq. 8) and without (Eq. 9) Bivert were determined to 
99 
be the same (p > 0.05). The terminal residue concentration and dissipation of 
chlorothalonil after chemigation application could not be compared (residues levels 
dropped below the limit of detection). 
Except for the duplicate aerial application, applications in the presence and absence of 
Bivert were made in different years, making direct comparisons impossible. It is also 
important to note that fruit residues were monitored between approximately 40 and 90 d 
post-application. Thus, the dissipation models (Eqs. 5-9) represent residues that have 
entered the fruit surface and/or penetrated the peel. The most significant factors 
influencing the dissipation of these incorporated residues are likely growth dilution and 
metabolism, whereas previous studies have shown that important factors contributing to 
chlorothalonil dissipation from crop surfaces are growth dilution, wash-off due to rainfall 
and irrigation (Elliot and Spurr, 1993) and degradation (El-Nabarawy and Carey, 1988). 
Sandler and Kusek (1994) reported that the spray adjuvants Nu-Film 17, Nu-Film-P, 
Bond, or GZM did not effect the degradation rate or increase the concentration of 
chlorothalonil on cranberries 50 days post-application when applied using backpack 
sprayers. 
Chlorothalonil was applied again in 1996 as part of a paired-plot study in the presence 
and absence of Bivert (see section C). In these trials, the presence of the adjuvant 
significantly increased fruit residues (t test, p < 0.05), but it did not alter degradation rate 
or metabolism. 
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iiL Diazinon Residues in Cranberry Fruit. Diazinon is applied in early bloom stages 
to control cutworms and fireworms, and in late bloom to control cranberry girdler. Only 
one application of diazinon was necessary (chemigation in 1993; Table 20) during the 
1993 and 1994 growing season. The formulation used in this application, DZN AG500, 
can only be applied by chemigation, although some diazinon formulations are labeled for 
aerial and ground application. 
Fruit sampled 20 days after diazinon application had no detectable residues (Table 20). 
The detection limit for diazinon in cranberries was 50 pg/Kg. Similarly, Setzo (1990) 
reported that two applications of Diazinon 5G at 6 Kg of Al/ha resulted in residues of 6 
and 7 pg/Kg in cranberries after 21 and 28 days, respectively. 
Table 20. Diazinon Residues in Cranberry Fruit After Chemigation of DZN Diazinon 
AG500 in the Absence of the Spreader-Sticker Adjuvant Bivert. 
Application Type (Test Year)Days Post-Application_Concentration (pg/g)a 
Chemigation (1993) 20 ndb 
48 nd 
69 nd 
a All concentrations are the average of 3 x 50 g sub-samples from a composite. 
nd = not detected. The limit of detection for diazinon was 0.01 pg/g. 
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c. Efficacy of Application 
To evaluate whether Bivert resulted in any true efficacy advantage, yield data (barrels 
cranberries per acre) and post-harvest fruit rot (percent unusable fruit) for all test plots 
were collected (Table 21). Yield data were normalized for yearly variations (e g., amount 
of precipitation) by dividing the yield per acre of the test plots by the average yield per 
acre in Massachusetts for a given year. 
There was no evidence that combinations of Bivert with Bravo 720 (chlorothalonil) or 
Lorsban 4E (chlorpyrifos) resulted in phytotoxicity to cranberry crops. Although residue 
concentrations of chlorothalonil were significantly increased in the presence of Bivert 
during the main infection period, coverage uniformity may have been reduced due to the 
larger spray-droplets formed with Bivert (Clark et al., 1993). This non-uniform coverage 
* 
may lead to decreased efficacy. Nevertheless, a trend of increased efficacy with increased 
chlorothalonil concentration was observed. In our preliminary studies, Bivert 
substantially increased chlorothalonil residues in association with aerial application, but 
not in association with chemigation application. Both yield per acre and % usable fruit 
were substantially increased in the plot receiving aerial application with Bivert, but no 
increase was observed in the chemigation plot receiving treatment with Bivert. Bivert also 
increased chlorothalonil residues associated with ground application. Unfortunately, 
berries collected from the ground application plot in 1994 (treated with Bivert) were 
contaminated with an approximately equal number of berries from another plot that did 
not receive treatments with Bivert. Therefore, it was not possible to evaluate the effect of 
Bivert on efficacy at this site. Although Bivert appears to give an efficacy advantage 
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resulting from increased chlorothalonil concentrations, clearly further study is warranted. 
Sandler (1995) determined there was no efficacy improvement using an antitranspirant in 
combination with chlorothalonil, however, it was not determine if the antitranspirant 
extended chlorothalonil residues. 
Chlorpyrifos is applied to control a number of pests including Sparganothis fruitworm, 
cranberry weevil, fireworms, spanworms, and cutworms (Averill, 1995). However, 
chlorpyrifos can only be applied twice a year, and it is recommended that chlorpyrifos be 
applied only once a year due to concerns over terminal residues at harvest and insect 
resistance problems. Under the test conditions described above, the addition of Bivert did 
not significantly extend the residual levels of chlorpyrifos in any of the applications. 
d. Summary 
Regardless of application technique or presence of Bivert, all residue levels on 
harvestable fruit were well below the current U.S. EPA tolerances for fresh cranberry 
fruit. Application efficacy (fruit residues) was generally highest with ground application, 
and was always lowest with chemigation application. Chlorothalonil residues were always 
highest after ground application in the presence Bivert compared to chemigation and aerial 
applications. Although data is limited, increased chlorothalonil residues in fruit following 
applications with Bivert appears to have resulted in a measurable efficacy advantage. 
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C. Analysis of the Environmental Degradation Products of Chlorpvrifos and 
Chlorothalonil on Cranberry Foliage, in Cranberry Fruit, and in Cranberry Bog Soil 
1. Method Validation: Dislodgeable Foliar Residues 
a. Methods Development 
Analysis for dislodgeable residues involves the removal of the residue from the leaf 
surfaces by mild exposure to aqueous detergents or solvent, or by abrasion with a solid 
surface (e.g., cloth). Several methods have been developed for the determination of 
dislodgeable residues (Gunther et al., 1973; Gunther et al., 1974; Nigg et al., 1981; 
Thompson et al., 1984). The soap solution extraction methods developed by Gunther 
(1973 and 1974) have been the most predominantly used, but several investigators have 
removed surface residues from leaves or clipped turfgrass with organic solvents (Cahill et 
al., 1975; Jenkins et al., 1990; Staiff et al., 1975, 1977; Ware et al., 1975). Penetration of 
the organic solvent into the leaf can occur depending upon the polarity of the solvent and 
the composition of the leaf wax. Penetration beyond the surface of the leaf would allow 
for extraction of tightly bound surface residues as well as residues within the leaf itself. 
Nigg et al., (1981) investigated the penetration of a variety of organic solvents into citrus 
leaves. A procedure to remove surface residues and allow the sequential extraction of 
cuticle and residues within the leaf was developed (Nigg et al., 1981). The penetrating 
effects of the various solvents were determined with an electron microscope. The study 
concluded that a 1 min MeOH extraction was an accurate and fast method for estimating 
surface residues. They also concluded that this dislodgeable extraction technique was 
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unlikely to cause any internal leaf extraction unless the sample had been previously frozen. 
The MeOH surface extraction developed by Nigg et al., (1981) was used in the present 
study because it was faster and easier in comparison to Gunther’s soap extraction method. 
However, the extraction time was reduced from 1 min to 45 seconds. The shorter 
extraction time should yield a more conservative estimate of the dislodgeable surface 
residues on cranberry leaves by minimizing solvent penetration into the leaf 
i. Keto-enol Tautomerism of 3,5,6-trichloro-2-pvridinol fTCPT The methylation and 
ethylation of TCP with methyl and ethyl iodide produces two chromatographic peak. The 
mass spectra for the methylated and ethylated products are presented in Figures E.3. - 
E.4. (Appendix E). The methylated and ethylated TCP products were identified by their 
fragmentation patterns and by comparing their mass spectra to the corresponding 
published mass spectra. The tentative identification of TCP O-methyl is 3,5,6-trichloro-2- 
methoxy-pyridine, and the tentative identification of TCP N-methyl is 3,5,6-trichloro-l- 
methyl-2 (1H) -pyridone (Figure 6). The mass spectra of our synthesized 3,5,6-trichloro- 
1-methyl-2 (1H) -pyridone was an excellent match as determined by the relative 
abundance of the eight most abundant ion peaks (data not shown) with another published 
mass spectra of this compound. The mass spectrum of our synthesized 3,5,6-trichloro-2- 
methoxy-pyridine matched well by same criteria as above (data not shown) with the mass 
spectrum of the 2,3,5-trichloro-2-methoxy-pyridine isomer (McLafferty and Stauffer, 
1989). The loss of COCH3 (m/e = 43) from 3,5,6-trichloro-2-methoxy-pyridine is a 
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common loss from esters (McLafferty and Turecek, 1993), and is also suggesting an 
unsubstituted N. 
The tentative identification of TCP O-ethyl is 3,5,6-trichloro-2-ethoxy-pyridine, and 
the tentative identification of TCP N-ethyl is 3,5,6-trichloro-l-ethyl-2 (1H) -pyridone. 
These are the same products as are shown in Figure 6, except the O-methyl and N-methyl 
groups are now replaced with O-ethyl and N-ethyl groups. 
Under the conditions stated above, the ethylation of TCP yields the 3,5,6-trichloro-2- 
ethoxy-pyridine and the 3,5,6-trichloro-l-ethyl-2 (1H) -pyridone (3,5,6-trichloro-N-ethyl- 
2-pyridone) isomers in an approximate 70:30 ratio, and the methylation of TCP yields the 
3,5,6-trichloro-2-methoxy-pyridine and the 3,5,6-trichloro-l-methyl-2 (1H) -pyridone 
(3,5,6-trichloro-N-methyl-2-pyridone) isomers in an approximate 40:60 ratio. The 
formation of the O-methyl and N-methyl isomers during the alkylation of 
trichloropyridinol has been reported previously (Neelakantan et al., 1985). Increased 
length of the alkyl chains (ethyl iodide or 1-bromopropane) resulted in higher yields of O- 
alkylated products and reactions with acetyl chloride and benzoyl chloride gave 
exclusively the O-alkylated products. Nitrogen versus oxygen alkylation of 2-pyridinols 
and pyridinol-pyridone tautomerism has been reported by several authors and has been 
reviewed by Meislich (1962). Under basic conditions, the N-alkyl isomer predominates 
(Meislich, 1962). We believe the formation of both the O-methyl and N-methyl isomers 
of methylated TCP and the O-ethyl and N-ethyl isomers of ethylated TCP are occurring 
through this pyridinol-pyridone tautomerization mechanism (interconvertible keto and enol 
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forms of TCP) during the methylation process. TCP can rapidly rearrange to the aldehyde 
or ketone (Figure 6). 
iLChromatography. A typical GC/MSD chromatograms of the methylated TCP 
products are presented in Figures E.3 and E.4, and typical GC/MSD chromatograms of 
the ethylated TCP products are presented in Figures E.5 and E.6 (Appendix E). 
Dislodgeable foliar TCP residues were quantitated as the O-ethyl and N-ethyl derivatives 
relative to concurrently derivatized standards. Derivatized TCP area was calculated as the 
total response of both ethylated TCP isomers produced. 
iji. Limits of Detection. The LOD was established as the amount of analyte that 
produced a signal greater than 5x the background signal of the matrix blank (signal to 
noise ratio of > 5 to 1). The qualitative identification of compounds was based on 
retention time and by comparison of the sample mass spectrum, after background 
correction, with the characteristic ions in the reference standard mass spectrum. The ions 
used for qualitative identification are listed in Table 8. The relative intensities of the 
characteristic ions listed were required to agree within 30% of the relative intensities of 
these ions in the reference spectrum for positive identifications. The LOD values for 
dislodgeable foliar residues were as follows: chlorothalonil, chlorpyrifos, 3,5,6-trichloro-2- 
pyridinol (TCP), and 4-hydroxy-2,5,6-trichloro-isophthalonitrile (II) (0.05 pg/g); 
chlorpyrifos-oxon (0.06 pg/g). 
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iv Analyte Recoveries. Fortified foliage blanks were amended with the pesticide of 
interest over a range of 0.5 pg/g to 100 pg/g. Analyte recoveries from the fortified foliage 
blanks are presented in Table 22. 
2. Method Validation: Cranberry Fruit Residues 
a. Group A Analytes 
i._Chromatography, The analysis that consistently had better linearity or recovery for 
a particular analyte, or a better detection limit, was used for quantitation. In general, the 
GC/NPD analysis was used to quantitate chlorothalonil, chlorpyrifos, chlorpyrifos-oxon, 
and isophthalonitrile (VIII), and the GC/MSD analysis was used to quantitate 2,5,6- 
trichloro-4-methoxyisophthalonitrile (IV), 2,4,5-trichloro-isophthalonitrile (VI), and 2,5,6- 
trichloro-4-methylthioisophthalonitrile (VII). Typical GC/NPD (Figure C.2) and 
GC/MSD (Figure C.3) chromatograms of standard solutions equivalent to the LOD and 
cranberry blanks are presented in Appendix C. The mass spectra of chlorothalonil, 
chlorpyrifos, chlorpyrifos-oxon, and compounds IV, VI, VII, and VIII are presented in 
Appendix E. 
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ij.. Limit of Detection. The criteria used for a positive analyte identification and for 
establishing analyte LODs are the same as was previously described (C. 1 a.iii). The ions 
used for qualitative identification are listed in Table 10. The LOD for each analyte in fruit 
and soil are listed in Table 23. 
Table 23. The Limit of Detection for Group A Analytes. 
Analyte Fruit 
(Hg/Kg) 
Soil 
(pg/Kg) 
Chlorothalonila 25 5 
Compound VIII* 10 5 
Compound VIb 5 1 
Compound IVb 5 5 
Chlorpyrifos a 25 10 
Chlorpyrifos-oxon b 10 10 
Compound VIIb 5 1 
a Established by both GC/NPD and GC/MSD 
bEstablished by GC/MSD. 
iii- Analyte Recoveries. Recoveries of Group A analytes from fortified cranberries are 
summarized in Tables 24 (GC/NPD) and Table 25 (GC/MSD). 
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b. Group B Analytes 
i. Method Development. l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene (III) was 
analyzed separately for several reasons. The primary reason was that compound III could 
not be satisfactorily analyzed directly by GC/MSD using the available GC columns, and it 
was not derivatized by either ethyl iodide or diazomethane, which were used to derivatize 
group C and D analytes. However, compound III could be analyzed without 
derivatization by GC/ELCD using a HT-50+ GC column (Hewlett Packard). 
The sample extract was purified using a 250 mg Envicarb solid phase cartridge 
(Supelco), with compound III recoveries > 90 %. The sample was added to the cartridge 
in MeCN, and compound III was eluted with 5 ml MeOH/MeCL (20/80) and then with 3 
ml MeOH/MeCl2 (10/80). This was an effective cleanup procedure (analysis of the extract 
by GC/MSD before and after Envicarb cleanup), however, it had a minimal effect on the 
GC/ELCD baseline so was not used in the primary analysis of compound III. 
ii. Chromatography, Compound III had a long GC retention time on the HT-50+ 
stationary phase in relation to the other analytes (e.g., chlorothalonil tr = 11.36 min, 
compound III tr =21.2 min). The long retention time of compound III coupled with the 
selectivity of the ELCD resulted in a satisfactory and selective analysis without chemical 
derivatization and with minimal sample cleanup. 
Typical GC/ELCD chromatograms of a cranberry blank and a standard solution are 
presented in Figure C.4 (Appendix C). 
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ill Limit of Detection. The LOD was established as the amount of analyte that 
produced a signal greater than 5X the background signal of the matrix blank (signal to 
noise ratio of > 5 to 1). The LOD for compound III in fruit and soil was determined to be 
2.5 ppb. 
iv. Analyte Recovery. Recovery of compound III from fortified cranberries over the 
fortification range are presented in Table 26. The average recovery (± s.d.) of compound 
III was 96.1 % (+/- 9.9 %). 
c. Group C and D Analytes 
i. Method Development. The methods of El-Nabarawy and Carey (1988) and 
Rouchaud et al., (1987) were used as starting points for the analysis of group C and D 
analytes with major changes. El-Nabarawy and Carey (1988) extracted 4-hydroxy-2,5,6- 
trichloro-isophthalonitrile (II) from cranberries and Rouchaud et al., (1987) extracted 
compounds II and l-carbamoyl-3-cyano-4-hydroxy-2,5,6-trichlorobenzene (V) from 
cabbage and broccoli using acidic acetone. Both methods reduce the acidic acetone 
extract, add alkaline water and extract chlorothalonil with organic solvent. After adjusting 
the aqueous phase to pH < 2, compound II is extracted with petroleum ether-diethyl ether 
and derivatized with 3-methyl-l-/?-tolyltriazene (El-Nabarawy and Carey, 1988). 
Compounds II and V are extracted with ethyl acetate and derivatized with diazomethane 
(Rouchaud et al., 1987). 
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Table 26. Recoveries of Group B, C, and D Analytes From Fortified 
Cranberries and Reagent Blanks. 
Fortification Recoveries (%) 
Level (ug/g) Compound 
IIa 
Compound 
V b TCP c 
Compound 
IIId 
Cranberries 
0.02 NAe NA NA 107.6 
0.02 NA NA NA 83.6 
0.04 74.2 31.6 86.2 104.3 
0.05 59.5 24.7 110.1 NA 
0.05 84.3 22.2 NA NA 
0.1 68.5 27.7 NA 89.5 
0.4 103.6 39.8 106.8 91.0 
0.4 63.7 22.9 107.4 NA 
0.4 70.3 31.6 NA NA 
1.0 72.4 37.4 79.3 99.7 
1.0 92.8 52.7 NA NA 
1.0 99.7 25.6 NA NA 
Average 78.9 31.6 98.0 96.1 
Relative S.D. 19.4 30.0 14.4 9.9 
N 10 10 5 6 
Reagent Spikes 
0.05 102.5 102.5 97.7 NA 
0.4 103.0 83.6 93.1 NA 
1.0 87.8 96.9 88.2 NA 
Average 97.8 94.3 93.0 
Relative S.D. 8.8 10.3 5.1 
N 
a a i i ^ ^ , 
3 3 3 
jj 
1 -carbamoyl-3-cyano-4-hydroxy-2,5,6-trichlorobenzene. 
2,5,6-trichloro-2-pyridinol. 
d 1,3 -dicabamoy 1-2,4,5,6 -tetrachlorobenzene. 
e NA = Not analyzed. 
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Several derivatizing reagents were attempted in the present study. All derivatizing 
reagents (ethyl iodide, methyl iodide, diazomethane and 3-methyl-l-/?-tolyltriazene) 
successfully derivatized both compounds II and V in reagent spike samples (Table 26). In 
cranberry extracts, however, 3-methyl-1-^-tolyltriazene, ethyl iodide and diazomethane 
produced low recoveries for compound V (0 %, 31.6%, and 28.5 % recovery, 
respectively). Ethyl iodide and diazomethane gave similar recoveries for compound II in 
cranberry extract (approx. 60 % recovery). Ethyl iodide was chosen because it was safer, 
easier to use, and produced a cleaner background in subsequent GC analysis. Although 
the method used in the present study separates chlorothalonil and compound II by solvent 
partition prior to derivatization, it is important to note that the reaction between 
chlorothalonil and diazomethane produces 4-methoxy-2,5,6-trichloroisophthalonitrile 
(Zhang et al., 1983). This later compound is also produced by methylating compound II 
with diazomethane. Because compound II and chlorothalonil produce a common 
derivative, compound II cannot be methylated with diazomethane in the presence of 
chlorothalonil, or erroneous residue data will result. 
Two possible reasons for reduced derivatization efficiency in the presence of co¬ 
extracted cranberry matrix are the binding of the residues to co-extractives or the 
consumption of the derivatizing reagent by the co-extractives. Sample extracts fortified 
with compounds II and V just prior to derivatization also resulted in poor recovery. 
Analysis of cranberry blanks by GC/MSD after derivatization with diazomethane revealed 
benzoic and several other organic acids and phenols at a combined concentration greater 
than 5 mg/ml in the final extract compared to fortification levels of 0.5-2 pg/ml of 
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compounds II and V (data not shown). Although these co-extractives are also alkylated 
by ethyl iodide and would consume the derivatizing reagent, experiments using very high 
levels of ethyl ether and diazomethane did not improve the reaction efficiency. These same 
co-extractives, however, did not reduce the derivatization efficiency of TCP by 
diazomethane. Several attempts to purify the cranberry extracts before derivatization to 
increase yields were attempted, but they proved ineffective. These attempts included 
passing the sample through both Envirocarb (Supelco) and Ci8 (J & W Scientific) solid- 
phase extraction cartridges. Compounds II and V were recovered from these cartridges, 
but derivatization efficiency was not improved. Due to the complexity of the matrix and 
the structural similarity between the cranberry co-extractives and compounds II and V, 
efficient cleanup prior to derivatization may require TLC, HPLC, or ion exchange resins. 
A detailed investigation of these cleanup methods were beyond the scope of this study. 
Ethyl iodide derivatized TCP in solvent, but did not work in the presence of the 
cranberry co-extractives. Diazomethane gave reproducible, high yield recoveries of TCP in 
solvent and in the presence of the cranberry co-extractives. The methylation of TCP with 
diazomethane produced a single ester derivative. 
ii. Chromatography, Typical GC/MSD chromatograms of cranberry blanks and 
standard solutions equivalent to the LODs are presented in Figures C.5 and C.6 (Appendix 
C). The mass spectra of the derivatized products of 4-hydroxy-2,5,6-trichloro- 
isophthalonitrile (II), l-carbamoyl-3-cyano-4-hydroxy-2,5,6-trichlorobenzene (V), and 
3,5,6-trichloro-2-pyridinol (TCP) are presented in Appendix E. 
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iii. Limit of Detection. The LOD for compound compounds II and V in fruit and soil 
were determined to be 20 and 25 fig/Kg, respectively. The LOD for TCP in fruit and soil 
was determined to be 20 jag/Kg . The LODs used were not corrected for analyte recovery 
from berries. 
iv. Analyte Recovery. Recovery of compounds II, V, and TCP from fortified 
cranberries over the fortification range are presented in Table 26. Additionally, two 
representative cranberry extracts from field samples were split and analyzed for 
compounds II and V after derivatization by both ethyl iodide and diazomethane. This was 
done as a second means of analyte identification as well as to estimate the variability of the 
two methods on actual filed samples. The results are presented in Table 27. 
Table 27. Comparison of Ethyl Iodide and Diazomethane Derivatization on Split Sample 
Extracts. 
Sample Derivatizing 
Reagent 
Compound II Compound V 
9/20 A Ethyl iodide 25.4 |ig/Kg NDa 
9/20 A - Diazomethane 21.0 pg/Kg ND 
9/20 B Ethyl iodide 71.2 Hg/Kg ND 
9/20 B Diazomethane 57.7 ng/Kg ND 
a Not detected. 
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3. Experimental Results 
a. Meteorological Data 
Precipitation events over the 1996 growing season are summarized in Table 28. 
b. Analysis of Pesticide Formulations 
i. Lorsban 4E. The analysis of duplicate Lorsban 4E ® (40.0 % chlorpyrifos) 
samples were as follows; chlorpyrifos (40.9 %), chlorpyrifos-oxon (0.71 %), and 3,5,6- 
trichloro-2-pyridinol (TCP) (1.70 %). Allender et al., (1991) determined the amounts of 
TCP, sulfotep, and chlorpyrifos-oxon in three commercial chlorpyrifos formulations of 
varying age and storage history. All formulations tested contained TCP in varying 
amounts depending on age and storage conditions that ranged from <0.5 mg/Kg to 5.7 
mg/Kg for warehouse stored formulations, to 138 mg/Kg in a formulation stored in a farm 
shed. Minute traces of chlorpyrifos-oxon were found in the sample stored in the farm 
shed but it was not detected in the other samples. Previous studies have shown that 
chlorpyrifos-oxon is rarely detected in chlorpyrifos formulations, and constitutes only 1.0 
% of chlorpyrifos level (Ivey et al., 1978; Ivey and Palmer, 1979; Ivey 1979). 
The Lorsban formulation tested was provided by the Cranberry Experiment Station, 
Wareham, MA. Pesticide formulations are stored onsite in a heated storage shed. The age 
of the formulation tested was estimated by the applicator as 2 to 3 years old. 
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ii. Bravo 720, Several of the target environmental degradation products were 
detected in the Bravo 720® formulation (54.0 % chlorothalonil) in addition to 
chlorothalonil itself The average concentration (N = 2) of each compound detected was 
as follows; chlorothalonil (53.3 %), compound II ( 2.07 %), compound V (0.016 %), 
compound VIII (0.095 %), and compound VI (0.0082 %). Compounds III, IV, and VII 
were not detected in the formulation at a detection limit of 0.0005 % (5pg/g formulation). 
Partially chlorinated (VT) and unchlorinated (VIII) dicyanobenzene isomers are known to 
be present in chlorothalonil formulations as production impurities (Caux et al., 1996) 
Also identified in the formulation were pentachlorobenzonitrile and 
hexachlorobenzene. These compounds were identified using analytical standards and by 
their mass spectrum. Both pentachlorobenzonitrile and hexachlorobenzene have been 
detected previously in Bravo formulations (ISK Biotech, 1985) and on cranberry fruit 
after application of chlorothalonil formulations (ISK Biotech, 1985; El-Nabarawy, 1988). 
c. Dislodgeable Foliar Residues 
i. Chlorpvrifos Dislodgeable foliar residues of chlorpyrifos, TCP, and chlorpyrifos- 
oxon are presented in Figure 7. Applications of Lorsban 4E by backpack sprayer in the 
presence and absence of Bivert to cranberry plants resulted in initial (2h post-application) 
dislodgeable foliar chlorpyrifos residues of 125.4 pg/g (± 31.0) and 52.5 pg/g (± 29.7), 
respectively (Figure 7, top panel). Small amounts of 3,5,6-trichloro-2-pyridinol and 
chlorpyrifos-oxon were initially detected, but neither compound was persistent (Figure 7, 
middle and bottom panel, respectively). Foliar chlorpyrifos residues decreased rapidly 
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Figure 7. Dislodgeable foliar residues of chlorpyrifos (CHP), 3,5,6-trichloro- 
2-pyridinol (TCP), and chlorpyrifos-oxon (CHP-Oxon) after a single 
application of Lorsban in the presence and absence of Divert. Solid bar ( h ) 
indicates application without Bivert, shaded bar (□ ) indicates application 
with Bivert. The solid line ( , ) indicates cumulative rainfall at each sampling 
period. Each data point is the mean of three foliage samples. 
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overtime, and after 3 d, 33.5 % [23.96 pg/g (± 3.2)] and 19.1 % [18.68 pg/g (± 6.1.0) ] 
of the initial residues remained in the presence and absence of Bivert, respectively. After 
15 days, 3.0 % and 4.9 % of the initial residues remained in the presence and absence of 
Bivert, respectively. 
The dissipation of dislodgeable foliar chlorpyrifos residues followed first order kinetics 
(r = 0.893 and 0.913 in the presence and absence of Bivert, respectively). The regression 
plots for dislodgeable foliar chlorpyrifos residues over time are presented in Figure D. 1 
(Appendix D). Chlorpyrifos displayed rapid dissipation from cranberry leaves with an 
estimated half- life of less than 4 days (Table 29). This is similar to dissipation patterns 
reported for chlorpyrifos on other foliar surfaces. Similar half-life values of 1 and 1.5 days 
on corn foliage (Wauchope et al., 1991; Racke et al., 1993), 3.95 days on soybean foliage 
(Abdel-All et al., 1990), less then 1 to 5.8 days on tomato foliage, 1.4 to 4 days on orange 
foliage, and less then 1 to 4.0 days on cotton foliage (Veierov et al., 1988) have been 
reported. The bioavailable (dislodgeable) residues of chlorpyrifos on plant leaf surfaces 
disappear even more rapidly than the total residue. Iwata et al., (1983) investigated the 
dissipation of dislodgeable foliar residues of chlorpyrifos and chlorpyrifos-oxon on citrus 
foliage. Chlorpyrifos dissipated rapidly with half-lives of 2.4 to 3.4 days, which varied 
depending on the type and rate of application. The maximum chlorpyrifos-oxon level was 
found in a three day post-application sample and was 0.33 pg/cm2 (< 7% of chlorpyrifos). 
Buck et al., (1980) determined that only 3.6 % of dislodgeable chlorpyrifos residues 
remained on cotton foliage after 24 h. Ware et al., (1978) reported that only 10 % of the 
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initially dislodgeable residues resulting from an application of 1.12 Kg/ha (EC) remained 
after 24h. 
Low levels of 3,5,6-trichloro-2-pyridinol (TCP) and chlorpyrifos-oxon were detected 
on the cranberry foliage in the present study, probably because only dislodgeable and not 
total residue levels were monitored (Figure 7). The primary mechanism of chlorpyrifos 
dissipation from plant surfaces has been demonstrated to be volatility with photolysis 
playing a secondary role. The small proportion of chlorpyrifos that is assimilated into the 
leaves is rapidly metabolized to TCP, which in turn is conjugated to form polar products 
(Racke et al,, 1993). Smith et al., (1967) applied an emulsifiable concentrate formulation 
of chlorpyrifos to corn and cranberry bean leaves in a greenhouse. Most of the 
radioactivity was lost from the leaf surface by volatilization, and only a small percentage of 
the radioactivity (1 to 2%) was translocated into the plant. The translocated radioactivity 
was recovered largely as breakdown products such as TCP. 
Dislodgeable foliar residues of chlorpyrifos were significantly higher (t-test; p < 0.05) 
in the presence of Divert at the initial (1 h) sampling period, but there was no significant 
difference between the two applications at later sampling times. This initial increase in 
dislodgeable foliar chlorpyrifos residues in the presence of Bivert, although short lived, is 
expected to provide a significant increase in efficacy to Massachusetts cranberry growers 
(personal communication, Anne Averill, MA Cranberry Experiment Station). 
An increase in chlorpyrifos deposition in the presence of a spray adjuvant has been 
reported elsewhere. Wauchope et al., (1991) evaluated the deposition and persistence of 
chemigated chlorpyrifos on com foliage. Chemigation of technical chlorpyrifos dissolved 
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in soybean oil resulted in 3X more chlorpyrifos on the foliage then chemigation of an 
emulsion formulation, indicating a greater adhesion of the oil droplets to the foliar surface. 
Chlorpyrifos dissipation from the corn foliage was the same for the soybean oil mixture 
and the formulation. Sundaram (1989) studied the role of spray adjuvants (both 
formulated and tank-mixed) on droplet size, deposition patterns, and dislodgeable and 
penetrated residues of the organophosphorous insecticide fenitrothion in conifer needles. 
In both laboratory and field studies, the dislodgeable residues increased when the volatility 
of the formulations decreased, but the penetrated residues remained the same. Weinberger 
and Greenbalgh (1989) evaluated the effect of two adjuvants on fenitrothion 
bioaccumulation and metabolism in algae and macrophytes. They observed significant 
changes in accumulation and metabolism of fenitrothion depending on the formulation- 
adjuvant combination. 
Dissipation of dislodgeable foliar chlorpyrifos residues from cranberry leaves was 
determined to be the same in the presence and absence of Bivert (ANACOVA, p < 0.1). 
As was seen with the chlorothalonil residue patterns in fruit (Tables 18 and 19), Bivert 
increases the initial pesticide residues on foliage as well, but it does not aide in residue 
retention or extension. More specifically, Bivert apparently does not effect the penetration 
of chlorpyrifos into the leaf surface, or effect chlorpyrifos volatility (the major mechanism 
of chlorpyrifos dissipation from foliar surfaces). As noted before, Bivert forms positively 
charged water droplets that bind to the negative charges on leaf surfaces. This physical 
characteristic of the spray adjuvant apparently increases initial pesticide retention 
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increasing fruit and foliage residues. It does not reduce, however, subsequent volatilization 
from the leaf surface (Figure D. 1, Appendix D). 
ii. Chlorothalonil. Dislodgeable foliar residues of chlorothalonil and compound II are 
presented in Figure 8. Chlorothalonil was applied twice to the test plots at a 14 day 
interval. The maximum dislodgeable chlorothalonil residues occurred in the 1 h post¬ 
application samples in the presence of Bivert (Figure 8). Initial dislodgeable foliar 
residues of chlorothalonil in the presence of Bivert were 385 pg/g (±51.6, N = 3) and 
407 pg/g (±43.6, N = 2) after the first and second Bravo applications, respectively. 
Initial residues in the absence of Bivert were 204 pg/g (± 28.3, N = 3) and 236 pg/g (± 
104, N = 2) after the first and second Bravo applications, respectively. Dislodgeable 
foliar residues of chlorothalonil were significantly increased (t-test; p < 0.05) in the 
presence of Bivert at all three sampling periods made after the first Bravo application 
(Figure 8). 
Chlorothalonil residues dissipated from cranberry foliage at similar rates after the first 
Bravo application in the presence and absence of the Bivert (ANACOVA, p < 0.05). 
Seven days after the first chlorothalonil application, 53.4 % and 56.1 % of the initial 
chlorothalonil residues remained in the presence and absence of Bivert, respectively. There 
were no additional foliage samples collected before the second Bravo application at 14 
days, so half-life and decay rates for chlorothalonil were estimated after the second 
application of Bravo. 
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CHT 
lh 3d 7 d 14 d* 27 d 42 d 
Time After Application 
Figure 8. Dislodgeable foliar residues of chlorothalonil (CHT) and 4-hydroxy- 
2,5,6-trichloroisophthalonitrile (CMP II) after two applications of Bravo in the 
presence and absence of Bivert. Solid bar ( H ) indicates application without 
Bivert, shaded bar ( □ ) indicates application with Bivert. The solid line ( \ ) 
represents cumulative rainfall at each sampling period. The second Bravo 
application (*) occurred on day 14. Each data point with error bars is the mean 
of three samples. Other data points are the mean of two samples. NA = not 
analyzed. 
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The dissipation of dislodgeable foliar residues of chlorothalonil followed first order 
kinetics (r = 0.915 and 0.875 in the presence and absence of Bivert, respectively). The 
regression plots for dislodgeable foliar chlorothalonil residues over time are presented in 
Figure D.2 (Appendix D). Dislodgeable foliar residues of chlorothalonil were much more 
persistent than chlorpyrifos residues. The estimated half-life of chlorothalonil on cranberry 
foliage was 12 and 13 d following the second application of Bravo (Table 30). 28 d after 
the second application, 20.0 % and 24.0 % of the initial residues remained in the absence 
and presence of the Bivert, respectively. 
The persistence of chlorothalonil has been studied on other crops. Neely (1970) 
indicated that protective levels of chlorothalonil persisted for about 20 days on 12 species 
of woody plants. Foliar half-lives have been reported as 3.8 days on tomato foliage 
(Lukens and Ou, 1976), 10 to 15 days on grape leaves (Northover and Ripley, 1980) and 
6.6 days on potato foliage (Bruhn and Fry, 1982). Bruhn and Fry (1982) report that 
rainfall near the time of application was an important factor in chlorothalonil persistence 
and that chlorothalonil decayed more rapidly with rainfall near the time of application and 
with higher temperatures. Chlorothalonil half-life on peanut foliage was estimated as 4.4 
days after high volume chemigation application (Brenneman et al., 1990) and 6.5 days 
after boom sprayer application (Elliott and Spurr, 1993). Elliot and Spurr (1993) further 
used a simulation model to examine the effects of new leaf emergence on dissipation. They 
calculated that without the diluting influence of new leaf emergence, the true half-life 
chlorothalonil residues on peanut foliage was 13.6 days. This model is applicable to 
cranberry foliage as the diluting effect of new leaf emergence and growth on cranberry 
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plants is expected to be very low (cranberry plants have slow growing woody vines with 
very small leaves). Elliot and Spurr (1993) reported that chlorothalonil decay rates 
increased with increasing rainfall but no influence of temperature on decay rates could be 
detected. 
d. Cranberry Fruit Residues 
i. Chlorpyrifos. The concentration of chlorpyrifos and its metabolites in cranberry fruit 
are presented in Figure 9. Only chlorpyrifos (340 - 415 pg/Kg) was detected in cranberry 
fruit at harvest (62 days post-application). Small amounts of chlorpyrifos-oxon (less then 
18 pg/Kg ) were detected in fruit at 14 and 31 days post-application, however these 
residues did not persist. Fruit samples were not analyzed for 3,5,6-trichloro-2-pyridinol 
(TCP) during the two initial sampling periods at 14 and 31 days post-harvest. Although 
3,5,6-trichloro-2-pyridinol residues were not detected during the final sampling period (62 
days post-harvest) 3,5,6-trichloro-2-pyridinol residues may have been present at 
detectable levels in these earlier samples. The apparent lack of chlorpyrifos metabolites, 
however, suggests that chlorpyrifos loss from cranberry fruit proceeds primarily through a 
mechanism other than degradation, such as wash-off or volatilization. As discussed with 
the foliar residue data, volatilization is thought to be the primary factor responsible for 
chlorpyrifos disappearance from foliar surfaces. Bauriedel and Miller (1980) studied the 
fate of chlorpyrifos on apples and reported that the majority of recovered radioactivity (35 
% or 0.05 ppm) was chlorpyrifos whereas conjugated and free 3,5,6-trichloro-2-pyridinol 
was present in concentrations of less than 0.01 ppm. The limited transformation of 
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Figure 9. Chlorpyrifos, (CHP); chlorpyrifos-oxon, (CHP-Oxon); and 3,5,6- 
trichloro-2-pyridinol, (TCP) in cranberry fruit after a single application of 
Lorsban with the adjuvant Bivert (WA) and without (WOA). NA = not 
analyzed. Each data point is the mean of three samples. Day 62 was the day 
prior to harvest. 
134 
chlorpyrifos in fruit may be due to the lack of chlorpyrifos penetration into the fruit or the 
limited ability of the fruit to metabolize chlorpyrifos (Racke et al., 1993). A number of 
studies investigating the dissipation pattern of chlorpyrifos residues on fruit have shown a 
biphasic dissipation pattern. This may result from rapid dissipation of residues from the 
fruit surface (volatilization), followed by slower dissipation of chlorpyrifos that has 
entered the fruit surface and/or penetrated the peel (Racke, 1993). This biphasic 
dissipation was not observed in the present study because the initial fruit collections were 
made 14 days post-application. 
Regression analyses of chlorpyrifos residues over time were performed as discussed 
previously and are presented below: 
Backpack sprayer application with Bivert: y = -0.0298x + 0.946 (r2= 0.946) Eq. 13 
Backpack sprayer application without Bivert: y = -0.0269x - 0.523 (r2= 0.829) Eq. 14 
Chlorpyrifos residues following applications in the presence and absence of Bivert 
were determined to have the same dissipation slope (ANACOVA, p < 0.05) between 14 
and 62 days post-application. However, residues over this same period were significantly 
higher in the presence of Bivert. The terminal chlorpyrifos residues at harvest following 
backpack sprayer applications were also significantly increased by the addition of the 
Bivert (t-test; p < 0.05). Terminal chlorpyrifos residues at harvest after backpack sprayer 
application without Bivert were 340 ppb (± 13.5 ppb, N = 3) and 415 ppb (± 6.5 ppb, N 
= 3) with Bivert (Figure 9). However, all residues detected were well below the U.S. 
135 
EPA tolerance for chlorpyrifos plus TCP on fresh cranberry fruit of 1.0 ppm (Federal 
Register, 1983). 
ii. Chlorothalonil. The concentration of chlorothalonil and its metabolites in cranberry 
fruit are presented in Figure 10. As expected, the majority of chlorothalonil residues 
remaining in cranberry fruit at harvest (76 days post-application) were as the parent 
compound. The initial and terminal chlorothalonil residues following backpack sprayer 
applications were significantly increased by the addition of Bivert (t-test; p < 0.05). 
Terminal chlorothalonil residues at harvest after backpack sprayer application without 
Bivert were 49.1 jig/Kg (± 3.9 pg/Kg, N = 3) and 76.1 pg/Kg (± 5.0 pg/Kg, N = 3) with 
Bivert (Figure 10). 4-hydroxy-2,5,6-trichloroisophthalonitrile (II) was the major 
chlorothalonil metabolite identified in cranberry fruit. At harvest, compound II was 
detected at 62 % (35 pg/Kg ± 11.8, N = 3) and 69 % (46.3pg/Kg ± 21.4, N = 3) of the 
chlorothalonil residue level in the presence and absence of Bivert, respectively (Figure 10). 
The tolerance for chlorothalonil plus compound II in cranberry fruit adopted by the U.S. 
EPA is 5 ppm (5 mg/Kg). The combined residue levels of chlorothalonil and compound II 
detected at harvest here (0.0795 ppm and 0.129 ppm, without and with Bivert, 
respectively) are significantly below this tolerance (< 2.6 % of tolerance). 
Compound II has been identified as the major chlorothalonil metabolite in plants (ISK 
Biotech, 1985), although its reported percent of the total residues varies widely. El- 
Nabarawy and Carey (1988) detected compound II in cranberry fruit at a maximum of 7.8 
% of the parent compound 92 days post-application after a worst case application of 16 
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Figure 10. Chlorothalonil, (CHT); 4-hydroxy-2,5,6-trichloroisophthalonitrile, (II); 
l,3-dicarbamoyl-2,4,5.6-tetrachlorobenzene, (III); 1 -carbamoyl-3-cyano-4- 
hydroxy-2,5,6-trichlorobenzene, (V); and 2,4,5-trichloroisophthalonitrile, (VI), 
in cranberry fruit after two applications of Bravo with adjuvant Bivert (WA) and 
without (WOA).NA = not analyzed. Each data point is the mean of three samples. 
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pints (40.4 % a.i)/acre. 105 days after application, they detected 960 pg/Kg chlorothalonil 
and 30 pg/Kg compound II. In contrast, SDS Biotech (1985) did not detect compound II 
in cranberry fruit (LOD =10 pg/Kg), even when chlorothalonil itself was detected at 
concentrations as high as 4 ppm (mg/Kg). Chlorothalonil degradation has been 
investigated in other crops, with 5 % of the total residues in mature potato plants 
determined as compound II (van Bruggen et al., 1986), 0.3 % to 1.0 % in grapes 
(Northover and Ripley, 1980), 0.5 % to 1.9 % in onion foliage (Dzikowski and Ripley, 
1979), and 0 % in apples (Gilbert, 1976). Rouchaud et al., (1988) investigated the 
hydrolytic biodegradation of chlorothalonil in cabbage and broccoli crops. Two months 
after treatment, compound II was detected at > 600 % of chlorothalonil (0.02 - 0.08 
mg/Kg chlorothalonil and 0.5 mg/Kg compound II) in broccoli and > 200 % of 
chlrothalonil (0.02-0.05 mg/Kg chlorothalonil and 0.1 - 0.3 mg/Kg compound II) in 
cabbage. 
Compound III (l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene) was also detected in the 
cranberry fruit at harvest at 4.9 pg/Kg (±0.7 pg/Kg, N = 3) and 7.2 pg/Kg (±2.2 
pg/Kg, N = 3) in the absence and presence of Bivert, respectively (Figure 10). These 
residue levels correspond to approximately 10 % of the chlorothalonil detected at harvest, 
however, the greatest concentrations of compound III were detected in the earliest fruit 
samples collected 28 days after application. This suggests that compound III does not 
accumulate in cranberry plants. Previous investigations of compound III are limited to 
broccoli and cabbage crops. Rouchaud et al., (1988) detected compound III at 35 % of 
the chlorothalonil level in cabbage and broccoli 2.5 months after application. 
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Small amounts of compound V (l-carbamoyl-3-cyano-4-hydroxy-2,5,6- 
trichlorobenzene) and compound VI (2,4,5-trichlroisophthalonitrile) were detected in the 
earlier fruit samples. Neither compound persisted and they were not detected in the fruit at 
harvest (Figure 10). 
Compounds III (l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene), V (l-carbamoyl-3- 
cyano-4-hydroxy-2,5,6-trichlorobenzene), and VI (2,4,5-trichloroisophthalonitrile) have 
not been previously identified in cranberry fruit. 
Compound IV (2,5,6-trichloro-4-methoxyisophthalonitrile), VTI (2,5,6-trichloro-4- 
methylthioisophthalonitrile), and VIII (isophthalonitrile) were not detected in any 
cranberry fruit samples. 
Regression analyses of chlorothalonil residues over time were performed as discussed 
previously and are presented below: 
Backpack sprayer application with Bivert: y = -0.0367x + 0.171 (r2= 0.994) Eq. 15 
Backpack sprayer application without Bivert: y = -0.0345x - 0.438 (r2= 0.985) Eq. 16 
Backpack sprayer applications in the presence and absence of Bivert were determined 
to have the same dissipation slope (between 28 and 76 days post-application), but residues 
over the growing season and at harvest were significantly higher (t-test; p < 0.05) in the 
presence of Bivert. As determined previously, Bivert increases application efficacy 
(increases initial fruit and foliar residues) but does not alter dissipation rate. Additionally, 
the relative levels of the metabolites detected were essentially equal in the presence and 
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absence of Bivert. Thus, the presence of Bivert does not significantly alter chlorothalonil 
metabolism in either foliage or fruit. 
e. Soil Residues 
i. Soil Characterization. The composition and physical characteristics of the soil 
collected from the top 6 cm of the experimental cranberry bog are presented in Table 31. 
ii. Chlorpyrifos. Residues of chlorpyrifos and its metabolites in cranberry bog soil 62 
days after application are presented in Figure 11. The majority of residues were 
chlorpyrifos (77.8 %) with 3,5,6-trichloro-2-pyridinol (TCP) and chlorpyrifos-oxon 
accounting for 12.5 and 9.7 %, respectively. The levels of 3,5,6-trichloro-2-pyridinol 
relative to chlorpyrifos and chlorpyrifos-oxon reported here are lower than have been 
reported elsewhere. There are several characteristics of cranberry bog environments that 
may contribute to the relatively low levels of 3,5,6-trichloro-2-pyridinol detected, 
including a low soil pH (5.1) and high percentage of sand (Table 31). The later contributes 
to wide fluctuations in soil moisture, which may facilitate chlorpyrifos-oxon formation, 
and may facilitate the removal of 3,5,6-tnchloro-2-pyridinol through leaching into the soil 
profile. 3,5,6-trichloro-2-pyridinol is weakly adsorbed to soil particles and is moderately 
mobile and persistent in soils. In the present study, only the top 6 cm of soil was analyzed, 
which may not have been deep enough to recover the majority of 3,5,6-trichloro-2- 
pyridinol residues. 
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Figure 11. Distribution of chlorothalonil (CHT), chlorpyrifos (CHP), and their 
degradation products in the top 6 cm of cranberry bog soil at harvest time (76 
days post-CHT application and 62 days post-CHP application). Chlorothalonil 
degradation products are: 4-hydroxy-2,5,6-trichloroisophthalonitrile, (II); 1,3- 
dicarbamoyl-2,4,5,6-tetrachlorobenzene, (III); 1 -carbamoyl-3-cyano-4- 
hydroxy-2,5,6-trichlorobenzene, (V); 2,4,5-trichloroisophthalonitrile, (VI), 
2,5,6-trichloro-4-methylthioisophthalonitrile, (VII), and isophthalonitrile, 
(VIII). Chlorpyrifos degradation products are: 3,5,6-trichloro-2-pyridinol, 
(TCP), and chlorpyrifos-oxon, (CHO-Oxon). Each data point represents a 
single composite soil sample analyzed in triplicate. 
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The other important factor may be decreased chlorpyrifos degradation as a result of 
the low soil pH. The major routes of chlorpyrifos loss from soil are volatilization, 
microbial degradation and chemical hydrolysis (Awashi, 1997). Chlorpyrifos is more 
persistent in soils with a pH < 7 (Racke, 1988). The hydrolytic degradation of 
chlorpyrifos involves the cleavage of the phosphate ester bond, most commonly forming 
TCP. This reaction is accelerated under alkaline conditions. The major environmental 
factors that influence chlorpyrifos loss in soil are moisture, pH, organic matter, clay 
content and microbial activity (Getzin, 1981; Chapman and Chapman, 1986; Racke, 
1990). Racke et al., (1996) studied the abiotic factors affecting the hydrolytic degradation 
of chlorpyrifos in soil. They determined that soil pH displayed the strongest correlation 
with hydrolysis rate, with chlorpyrifos degradation rate increasing with increasing soil pH. 
Differences in soil composition also have been shown to affect chlorpyrifos metabolism 
and accumulation of metabolic products. Racke and Coats (1988) evaluated the 
degradation of chlorpyrifos in six different soils by enhanced microbial degradation and 
found different distributions of TCP and chlorpyrifos-oxon. TCP residues ranged from 11 
% to 289 % of chlorpyrifos residues (5.6 to 36.0 % of the total) and chlorpyrifos-oxon 
levels ranged from 1.1 % to 8.1 % of chlorpyrifos residues (0.6 to 1.9 % of the total). 
The kinetics of chlorpyrifos dissipation in soil have been well studied, particularly in 
regard to photolysis (Walia et al., 1988), hydrolysis (Macalady and Wolfe, 1983; Racke et 
al., 1996) and microbial degradation (Racke, 1990). The typical field dissipation half-lives 
for chlorpyrifos in soil at agricultural use rates range from 1 to 8 weeks (Racke, 1993). 
Half-lives determined under laboratory conditions vary greatly, with half-life estimates 
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from 10 days to > 120 days (Davis and Kuhr, 1976; Miles et al., 1979; Getzin, 1981; 
Racke, 1993; Tomlin, 1994). Racke (1992) found 2.6 and 9.3 % of chlorpyrifos applied 
to sand or silt loam remained after 30 days. The mineralization of TCP is microbially 
mediated. Reported values for cumulative TCP mineraliztion range from 85 % 
mineraliztion after 2 weeks (Racke et al., 1988) to as little as 2.4 % to 45 % 
mineralization after 3 weeks (Racke and Robbins, 1991). Racke and Robbins (1991) 
reported that the rate of TCP degradation varied between soils, although multiple 
regression analyses revealed poor correlation of degradation with commonly measured soil 
parameters. 
Approximately 3.2 g of chlorpyrifos was applied to the 16’ x 16’ paired plots in the 
present study. Sixty-two days after application, chlorpyrifos was detected at a level of 415 
pg/Kg in the top 6 cm of soil. Although there were no kinetic or mass balance studies 
performed, the high level of chlorpyrifos and the relatively low level of 3,5,6-trichloro-2- 
pyridinol residues compared to chlorpyrifos residues suggest decreased chlorpyrifos 
degradation and/or leaching of 3,5,6-trichloro-2-pyridinol into the irrigation ditch water 
and/or ground water. In either case, further study is warranted. 
iii. Chlorothalonil. Residues of chlorothalonil and its metabolites in soil 76 days after 
application are presented in Figure 11. Compound III (l,3-dicarbamoyl-2,4,5,6- 
tetrachlorobenzene) was the main soil metabolite, accounting for 41 % of the total 
detectable residues 76 days after chlorothalonil application. Compound II (4-hydroxy- 
2,5,6-trichloroisophthalonitrile), chlorothalonil, and compound V (l-carbamoyl-3-cyano- 
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4-hydroxy-2,5,6-trichlorobenzene) made up 34 %, 12 %, and 10 % of the detectable 
residues, respectively. Small amounts of the methylthioated metabolite (compound VII) 
and the dechlorinated metabolite (compound VI) were also detected (Figure 11). 
Chlorothalonil metabolites IV and VIII were not detected in any fruit or soil samples in 
this study. Both these metabolites were detected in soil by Sato and Tanaka (1987) but the 
quantitative ratio of these metabolites were not determined. 
Degradation of chlorothalonil in soil is primarily microbial, with the major degradation 
product identified being compound II (Caux et al., 1996). Several studies investigating 
chlorothalonil metabolism in soil (ISK Biotech, 1976; SDS Biotech, 1985; Rouchaud et 
al., 1988; Katayama et al., 1992; Sato and Tanaka, 1987) and sediment (ISK Biotech 
1991) suggest that there are several diverse degradation pathways for chlorothalonil in 
these environments. Several pathways and metabolites involving substitution reactions of 
Cl atoms on the aromatic ring with methylthio, methoxy, hydroxyl group, or hydrogen 
atom, and conversion of the CN groups to amides, thiozole, and acidic groups, have been 
identified. The reported half-life of chlorothalonil in soils ranges from 5 days (Tomlin et 
al., 1997) to 2.5 to 3 months (Davies, 1988). High moisture and temperature have been 
shown to accelerate the rate of chlorothalonil degradation in soils (Bailee et al., 1976; 
Sato and Tanaka 1988). Sato and Tanaka (1987) found that 90 % of the bacteria isolated 
from a soil to which chlorothalonil had been applied degraded chlorothalonil. Katayama et 
al., (1997) reported that thirty-six of thirty-seven strains of bacteria degraded 
chlorothalonil in nutrient broth. The degradation of chlorothalonil in soils is suppressed by 
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repeated applications but it was shown that the degradation rate recovers following 
amendment of organic matter (Katayama et al., 1991) 
The conversion of one or both CN groups of chlorothalonil to amides, resulting in the 
formation of 3-dicarbamoyl-2,4,5,6-tetrachlorobenzene (III) and l-carbamoyl-3-cyano-4- 
hydroxy-2,5,6-trichlorobenzene (V) in the present study, has been shown in soil (SDS 
Biotech, 1985) and as a hydrolysis product in alkaline aqueous solutions (Szalkowski and 
Stallard, 1977). Microbial conversion of the CN to the amide is also seen with the 
structurally similar herbicide dichlobenil (2,6-dichlorobenzonitrile), with 2,6- 
dichlorobenzamide being the principle metabolite in soil and water (Tomlin, 1996). To 
date, only one other study has analyzed for compounds III and V in soil or crops 
(Rouchaud et al., 1988). The distribution of metabolites in soil two months after 
chlorothalonil application reported by Rouchaud (34 %, 22 %, 37 %, and 5 % as 
chlorothalonil, compounds III, II, and V, respectively), were similar to those found in the 
present study 76 days after application (12%, 41%, 34%, and 10 %). 
Metabolite VII ( 2,5,6-trichloro-4-methylthioisophthalonitrile) was detected in bog 
soil at low levels (e.g., 3.8 ppb) but it was not detected in cranberry fruit. The formation 
of this methylthioated chlorothalonil metabolite has been shown to occur in soil (Tsukano, 
as cited by Katayama et al., 1992) and by isolated bacteria (Katayama et al., 1992). 
Katayama noted that the methylthioated metabolite forming bacteria were present at high 
population levels in all of the soils tested. Katayama et al., (1997) examined 37 strains of 
bacteria for their degrading ability of chlorothalonil in nutrient broth and identified 2,5,6- 
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tdchloro-4-methylthioisophthalonitrile (VII) and compound II as the major metabolites, 
and the dechlorination product 2,4,5-trichloroisophthalonitrile (VI) as a minor metabolite. 
Compound VI was detected in cranberry bog soil in the present study at 
approximately 21.2 pg/Kg (Figure 11). This metabolite was detected in the formulation 
used for field applications so its origin is uncertain. Compound VI has been previously 
reported in soil treated with chlorothalonil (Sato and Tanaka, 1987), although no 
concentration is given. They concluded that chlorothalonil degradation was primarily 
through dechlorination, and partly through CN substitution. However, they suggest that 
their method was not suitable to recover and identify the amide or acidic degradation 
products detected in this and other studies. 
The detection of l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene (III), l-carbamoyl-3- 
cyano-4- hydroxy-2,5,6-trichlorobenzene (V) 2,4,5-trichloroisophthalonitrile (VI), and 
2,5,6-trichloro-4-methylthioisophthalonitrile (VII) in cranberry bog soil is the first such 
report. Their high concentrations in soil, despite their low concentrations in cranberry 
fruit, suggests their formation requires harsher hydrolysis or microbial conditions for 
formation, and that they are not systemic to a significant level in cranberry plants. 
Further study on the degradation and metabolite distribution and movement in 
cranberry bog soil. Several of these metabolites have the potential to move off-site via 
irrigation ditch water discharge or through leaching. Chlorothalonil is acutely toxic to 
freshwater fish at concentrations ranging from 10.5 - 250 pg/L, while chronic toxicity may 
occur at 2 pg/L (Caux et al., (1996). Reported water half-life values of chlorothalonil 
range from < 2 days (Davies, 1988) to < 2 h in a water/sediment system (ISK Biotech, 
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1991). Davies (1988) determined that an average of 81 % of the original chlorothalonil 
was associated with particulate matter. Similarly, Winkler et al., (1996) examined 
chlorothalonil binding to aquatic humic substances. They report that the strong binding 
potential for chlorothalonil to aquatic humic substances corresponds to increased solubility 
in aquatic systems. Sorption to dissolved humic substances suggests a possible transport 
mechanism, and may increase chlorothalonil concentrations in cranberry bog irrigation 
ditch water by a factor of 2. 
Compounds II and V are likely more water soluble than chlorothalonil, and thus more 
mobile, due to the substitution the chlorine atom at the 4 position with hydroxy group 
(Figure 2). Compound III, the main chlorothalonil soil metabolite, may also be much more 
persistent in the soil and aquatic environments than is chlorothalonil. The microbial 
conversion of the CN to the amide to form compound III is also seen with the structurally 
similar herbicide dichlobenil (2,6-dichlorobenzonitrile). The 2,6-dichlorobenzamide 
metabolite is the major soil residue (Tomlin, 1997) and is a persistent surface and 
groundwater contaminant (Sanberg, et al., 1996). It has also been detected in surface 
waters adjacent to cranberry bogs in Massachusetts (Rising, 1997; and personal 
communication, Lee Corte-Real, MA Department of Food and Agriculture). To date, 
there have been no reports on ground or surface water monitoring for compounds II, III, 
or V. 
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CHAPTER IV 
SUMMARY AND CONCLUSIONS 
Regardless of application technique or use of the spreader-sticker adjuvant Bivert, all 
residue levels on harvestable fruit were well below the current U.S. Environmental 
Protection Agency tolerances for fresh cranberries. Chlorothalonil residues at harvest 
ranged from 0.693 ppm following ground application with Bivert to less than 0.03 ppm 
following chemigation application with and without Bivert. Chlorpyrifos residues in fruit 
at harvest ranged from 0.088 ppm following ground application without Bivert to less than 
0.01 ppm following aerial and chemigation applications with Bivert. The majority of total 
chlorothalonil residues remaining in cranberry fruit at harvest (76 days post-application) 
were chlorothalonil itself (58% of total residues). The chlorothalonil metabolites, 4- 
hydroxy-2,5,6 trichloroisophthalonitrile (II) and l,3-dicarbamoyl-2,4,5,6- 
tetrachlorobenzene (III), accounted for 36 % and 6 % of the total residues, respectively. 
The later chlorothalonil metabolite (III) and two additional metabolites (l-carbamoyl-3- 
cyano-4-hydroxy-2,5,6-trichlorobenzene and 2,4,5-trichloro-isophthalonitrile), which were 
absent in harvestable cranberries but detected earlier in the growing season, have not been 
previously identified in fruit. Only chlorpyrifos was detected in the fruit at harvest (62 days 
post-application) but residues of the chlorpyrifos metabolites, chlorpyrifos-oxon and 
3,5,6-trichloro-2-pyridinol, were detected in earlier fruit and foliage samples. 
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Application efficacy (fruit residues) was generally highest with ground application, and 
was always lowest with chemigation application. Fruit residues were always highest after 
ground application in the presence of Bivert compared to chemigation and aerial 
applications in the presence or absence of Bivert. Except with chemigation application, the 
presence of Bivert significantly increased both fruit and foliar residues of chlorpyrifos and 
chlorothalonil (t test, p < 0.05). The ineffectiveness of Bivert to improve application 
efficacy in combination with chemigation is likely due to pesticide wash-off associated 
with the large volumes of water used for chemigation applications. Bivert forms a 
positively charged emulsion that will bind to the negative charges on leaf surfaces, thus 
increasing retention of the spray mixture. This emulsion is sensitive to washoff during the 
application process. The presence of Bivert did not alter the dissipation rate or 
metabolism of the pesticides in fruit or on foliar surfaces. 
The dissipation of dislodgeable foliar chlorpyrifos residues followed first-order kinetics 
(r2> 0.893), with estimated half-life of 3.5 d. The dissipation of dislodgeable foliar 
chlorothalonil residues after the second Bravo application followed first-order kinetics 
(r2> 0.872), with an estimated half-life of 12.7 d. 
A potential for biologically significant levels of chlorpyrifos to move off-site via 
irrigation ditch water was determined. Chlorpyrifos dissipated rapidly in irrigation ditch 
water, however, residue levels in the low ppb range were still detected 2 weeks after 
aerial and chemigation applications. Irrigation ditch water contamination was always 
lowest following ground application compared to aerial and chemigation applications. 
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All application techniques resulted in measurable drift to 100’ off-site for both 
chlorpyrifos and chlorothalonil. As expected, the amount of chemical drift varied 
significantly with the chemical applied, presence of adjuvant, the application type, and the 
time following application. The highest amounts of off-site drift were always associated 
with aerial applications. 
The total off-site chlorpyrifos residues associated with ground and chemigation 
applications in the presence of Divert were reduced 91 % and 92 % compared to aerial 
application without Bivert (Bivert increased off-site depositions of aerially-applied 
chlorpyrifos). Total residues of chlorpyrifos from passive deposition associated with 
ground applications were reduced 88 % in the presence of Bivert. 
The amount of off-site chlorothalonil deposition associated with ground and 
chemigation applications were very low (170 pg m '2 to 270 pg m ’2). The total off-site 
chlorothalonil residues associated with ground and chemigation applications without 
Bivert were reduced 95 % and 92 % compared to aerial application. The addition of 
Bivert increased off-site deposition associated with aerial (62 %) and ground (29 %), and 
reduced off-site chlorothalonil deposition associated with chemigation (38 %). 
Ground application in the presence of Bivert was determined to be the best 
management strategy. The benefits of using this application strategy are maximizing 
residues on fruit and foliage, resulting in more efficacious control, while minimizing both 
off-site deposition and surface water contamination. By more effectively delivering 
pesticide to the plant, multiple applications may be avoided and/or a reduction in the rate 
of pesticide applied to the fruit may be possible. Both possibilities, if managed properly, 
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would lead to lower overall pesticide usage. There is no more effective way to minimize 
the effects of pesticides on the environment (e.g., potable water, residues on food, non¬ 
target exposures, and pesticide resistance problems) than to minimize the amount of 
pesticide used. Additionally, because of their effectiveness at extremely low levels, many 
products containing newer pesticides may be registered for use with only ground-based 
application equipment in Massachusetts (personal communication, Brad Mitchell, MA 
Department of Food and Agriculture). 
Ground application in cranberry bogs can be difficult and time consuming. Large, 
heavy ground-based spray equipment has the potential to damage vines and may result in 
nonuniform coverage of pesticides due to difficulties in maneuvering equipment in bogs. 
Even without ground applications, there are still ways to improve application efficacy, 
either through spray technology or application techniques. Aerial application is potentially 
hazardous to aquatic life and is prone to increased levels of off-site deposition, potentially 
poisoning non-target organisms as well as decreasing public trust of the industry. 
Chemigation application, which was developed as an alternative to these limitations, was 
found to have significantly lower application efficacy than either aerial or ground 
applications. Furthermore, it resulted in increased irrigation ditch water contamination 
compared ground applications. 
Several degradation products of both chlorothalonil and chlorpyrifos were detected in 
the top 6 cm of soil. The majority of chlorpyrifos residues remaining 62 days after 
application were chlorpyrifos itself (77.8 %), with 3,5,6-trichloro-2-pyridinol (TCP) and 
chlorpyrifos-oxon accounting for 12.5 and 9.7 %, respectively. l,3-dicarbamoyl-2,4,5,6- 
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tetrachlorobenzene (III) was the main chlorothalonil soil metabolite, accounting for 41 % 
of the total detectable residues 76 days after chlorothalonil application. 4-hydroxy-2,5,6- 
trichloroisophthalonitrile (II), chlorothalonil, and l-carbamoyl-3-cyano-4-hydroxy-2,5,6- 
trichlorobenzene (V) made up 34 %, 12 %, and 10 % of the detectable residues, 
respectively. Small amounts of the methylthioated metabolite (compound VII) and the 
dechlorinated metabolite (compound VI) were also detected. This is the first report which 
describes l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene (III), 1 -carbamoyl-3-cyano-4- 
hydroxy-2,5,6-trichlorobenzene (V) 2,4,5-trichloroisophthalonitrile (VI), and 2,5,6- 
trichloro-4-methylthioisophthalonitrile (VII) in cranberry bog soil. Their high 
concentrations in soil, despite their low concentrations in cranberry fruit, suggests their 
formation requires soil hydrolysis conditions or microbial biotransformation reactions for 
formation, and that they are not systemic to a significant level in cranberry plants. Several 
of these metabolites have the potential to move off-site via irrigation ditch water or with 
the discharge of harvest flood water. A more detailed investigation of the metabolite 
distribution and movement in cranberry bog soil is warranted in that only the top 6 cm of 
soil was monitored in the present study, and metabolite distribution over the growing 
season was not monitored. 
Several of the degradation products identified in the field studies were also detected 
in the pesticide formulations Bravo 720® (chlorothalonil) and Lorsban 4E®(chlorpyrifos). 
The presence of these degradation products the formulated material should be considered 
in the evaluation of residues on food and in the environment. 
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APPENDICES 
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APPENDIX A: 
STRUCTURAL AND PURITY ANALYSIS OF 
1,3 -DIC ARB AMO YL-2,4,5,6-TETRACHLOROBENZENE, (III) AND 
1 -C ARB AMO YL-3 -C Y ANO-4- HYDROXY-2,5,6-TRICHLOROBENZENE, (V): 
ULTRA VIOLET SPECTRA, INFRARED SPECTRA, AND MASS SPECTRA 
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APPENDIX B: 
OFF-SITE DRIFT AND DEPOSITION OF PESTICIDES 
RESIDUES ON CELLULOSE COLLECTOR DISCS 
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APPENDIX C: 
ANALYSIS OF CHLORPYRIFOS AND CHLOROTHALONIL RESIDUES: 
GLC-CHROMAT OGRAMS 
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Figure C.2. GC-NPD analysis of Group A analytes; (A) and (B) are 0.2 pg/ml standard 
solutions representing 20 ppb, (C) blank cranberry extract. 
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Figure C.3. SIM-GC-MS analysis of Group A analytes; (A) 0.1 ng/ml standard solution 
representing 10 ppb, (B) 0.25 pg/ml standard solution representing 20 ppb, and (C) blank 
cranberry extract. 
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Figure C.4. GC-ELCD analysis of l,3-dicarbamoyl-2,4,5,6-tetrachlorobenzene (compound 
III); (A) 0.1 (ig/ml standard solution representing 8.0 ppb, and (B) blank cranberry 
extract. 
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Figure C.6. SIM-GC-MS analysis of the methyl derivative of TCP (3,5,6-trichloro-2- 
pyridinol); (A) blank cranberry extract, (B) 0.2 pg/ml standard solution representing 20 
ppb, and (C) SIM-specta of TCP-methyl. 
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APPENDIX D: 
NATURAL LOG-TRANFORMED REGRESSION PLOTS FOR THE DISSIPATION 
OF DISLODGEABLE FOLIAR RESIDUES OF CHLORPYRIFOS AND 
CHLOROTHALONIL 
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Figure D. 1. Natural log-transformed regression plots for the dissipation of 
dislodgeable foliar chlorpyrifos residues after a single backpack application 
of Lorsban in the absence (A) and presence (B) of the Bivert adjuvant. 
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Figure D.2. Natural log-transformed regression plots for the dissipation of 
dislodgeable foliar chlorothalonil residues after two backpack applications 
of Bravo in the absence (A) and presence (B) of the Bivert adjuvant. Days 
after the second application are given. 
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APPENDIX E: 
MASS SPECTRUM OF TARGET ANALYTES 
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Figure E.l. Mass spectrum (70 eV) of chlorpyrifos obtained by GC-MSD. 
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Figure E.2. Mass spectrum (70 eV) of chlorothalonil obtained by GC-MSD. 
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Figure E.3. Mass spectrum (70 eV) of 3,5,6-trichloro-2-methoxy-pyridine (TCP 
O- methyl) obtained by GC-MSD. 
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Figure E.4. Mass spectrum (70 eV) of 3,5,6-trichloro-1 -methyl-2 (177)-pyridone 
(TCP N- methyl) obtained by GC-MSD 
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Figure E.5. Mass spectrum (70 eV) of 3,5,6-trichloro-2-ethoxy-pyridine (TCP 
O- ethyl) obtained by GC-MSD. 
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Figure E.6. Mass spectrum (70 eV) of 3,5,6-trichloro-1 -ethyl-2 (1H) -pyridone 
(TCP N-ethyl) obtained by GC-MSD. 
201 
202 
Figure E.7. Mass spectrum (70 eV) of diethyl 3,5,6-trichloro-2-pyridyl phosphate 
(CHP-Oxon) obtained by GC-MSD. 
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Figure E.8. Mass spectrum (70 eV) of 2,5,6-trichloro-4-methylthioisophthalonitrile 
(VII) obtained by GC-MSD. 
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Figure E.9. Mass spectrum (70 eV) of isophthalonitrile (VIII) obtained by GC-MSD. 
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Figure E.10. Mass spectrum (70 eV) of 2,4,5-trichloroisophthalonitrile (VI) 
obtained by GC-MSD. 
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Figure E.l 1. Mass spectrum (70 eV) of 2,5,6-trichloro-4-methoxyisophthalonitrile 
(IV) obtained by GC-MSD. 
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Figure E.12. Mass spectrum (70 eV) of 4-ethoxy-2,5,6-trichloroisophthalonitrile 
(ethylated compound II) obtained by GC-MSD. 
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Figure E.13. Mass spectrum (70 eV) of 4-methoxy-2,5,6-trichloroisophthalonitrile 
(methylated compound II) obtained by GC-MSD. 
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Figure E.14. Mass spectrum (70 eV) of l-carbamoyl-3-cyano-4-ethoxy-2,5,6- 
trichlorobenzene (ethylated compound V) obtained by GC-MSD. 
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Figure E.15. Mass spectrum (70 eV) of l-carbamoyl-3-cyano-4-methoxy-2,5,6- 
trichlorobenzene (methylated compound V) obtained by GC-MSD. 
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